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OCT CFS NOV CFS DEC CFS JAN CFS FEB CFS MAR CFS 
9 500 9 1000 9 200 9 200 9 200 9 200 

10 750 10 1000 10 200 10 200 10 200 10 200 
11 1000 11 1000 11 200 11 200 11 200 11 200 
12 1000 12 1000 12 200 12 200 12 200 12 200 
13 1000 13 1000 13 200 13 200 13 200 13 200 
14 1000 14 1000 14 200 14 200 14 200 14 200 
15 1000 15 1000 15 200 15 200 15 200 15 200 
16 1000 16 800 16 200 16 200 16 200 16 200 
17 1000 17 600 17 200 17 200 17 200 17 200 
18 1000 18 450 18 200 18 200 18 200 18 200 
19 1000 19 300 19 200 19 200 19 200 19 200 
20 1000 20 200 20 200 20 200 20 200 20 200 
21 1000 21 200 21 200 21 200 21 200 21 200 
22 1000 22 200 22 200 22 200 22 200 22 200 
23 1000 23 200 23 200 23 200 23 200 23 200 
24 1000 24 200 24 200 24 200 24 200 24 200 
25 1000 25 200 25 200 25 200 25 200 25 200 
26 1000 26 200 26 200 26 200 26 200 26 200 
27 1000 27 200 27 200 27 200 27 200 27 200 
28 1000 28 200 28 200 28 200 28 200 28 200 
29 1000 29 200 29 200 29 200 29 200 29 200 
30 1000 30 200 30 200 30 200 30 200 30 200 

    31 200     31 200 31 200     
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Table O.2-4. Stanislaus River Minimum Fish Flow Schedule during Below Normal Water Year 
Types 

OCT CFS NOV CFS DEC CFS JAN CFS FEB CFS MAR CFS 
1 250 1 200 1 200 1 200 1 200 1 200 
2 250 2 200 2 200 2 200 2 200 2 200 
3 250 3 200 3 200 3 400 3 200 3 200 
4 250 4 200 4 200 4 400 4 200 4 200 
5 250 5 200 5 200 5 400 5 400 5 200 
6 250 6 200 6 200 6 400 6 400 6 200 
7 250 7 200 7 200 7 200 7 400 7 200 
8 250 8 200 8 200 8 200 8 400 8 200 
9 250 9 200 9 200 9 200 9 200 9 200 

10 250 10 200 10 200 10 200 10 200 10 200 
11 250 11 200 11 200 11 200 11 200 11 200 
12 250 12 200 12 200 12 200 12 200 12 200 
13 250 13 200 13 200 13 200 13 200 13 200 
14 250 14 200 14 200 14 200 14 200 14 200 
15 500 15 200 15 200 15 200 15 200 15 200 
16 750 16 200 16 200 16 200 16 200 16 200 
17 1000 17 200 17 200 17 200 17 200 17 200 
18 1250 18 200 18 200 18 200 18 200 18 200 
19 1500 19 200 19 200 19 200 19 200 19 200 
20 1500 20 200 20 200 20 200 20 200 20 200 
21 1500 21 200 21 200 21 200 21 200 21 200 
22 1500 22 200 22 200 22 200 22 200 22 200 
23 1500 23 200 23 200 23 200 23 200 23 200 
24 1500 24 200 24 200 24 200 24 200 24 200 
25 1500 25 200 25 200 25 200 25 200 25 200 
26 1500 26 200 26 200 26 200 26 200 26 200 
27 1500 27 200 27 200 27 200 27 200 27 200 
28 1250 28 200 28 200 28 200 28 200 28 200 
29 1000 29 200 29 200 29 200     29 200 
30 750 30 200 30 200 30 200     30 200 
31 500     31 200 31 200     31 200 

APR CFS MAY CFS JUN CFS JUL CFS AUG CFS SEP CFS 
1 400 1 1500 1 900 1 250 1 250 1 250 
2 750 2 1500 2 600 2 250 2 250 2 250 
3 1000 3 1500 3 600 3 250 3 250 3 250 
4 1250 4 1500 4 600 4 250 4 250 4 250 
5 1500 5 1500 5 600 5 250 5 250 5 250 
6 1700 6 1500 6 600 6 250 6 250 6 250 
7 2000 7 1500 7 450 7 250 7 250 7 250 
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OCT CFS NOV CFS DEC CFS JAN CFS FEB CFS MAR CFS 
8 2000 8 1500 8 450 8 250 8 250 8 250 
9 2000 9 1500 9 450 9 250 9 250 9 250 

10 2000 10 1500 10 450 10 250 10 250 10 250 
11 1500 11 1500 11 300 11 250 11 250 11 250 
12 1500 12 1500 12 300 12 250 12 250 12 250 
13 1500 13 1500 13 300 13 250 13 250 13 250 
14 1500 14 1250 14 300 14 250 14 250 14 250 
15 1500 15 1250 15 250 15 250 15 250 15 250 
16 1500 16 1250 16 250 16 250 16 250 16 250 
17 1500 17 1250 17 250 17 250 17 250 17 250 
18 1500 18 1250 18 250 18 250 18 250 18 250 
19 2000 19 1250 19 250 19 250 19 250 19 250 
20 2000 20 1000 20 250 20 250 20 250 20 250 
21 2000 21 1000 21 250 21 250 21 250 21 250 
22 2000 22 1000 22 250 22 250 22 250 22 250 
23 1500 23 1000 23 250 23 250 23 250 23 250 
24 1500 24 1000 24 250 24 250 24 250 24 250 
25 1500 25 1000 25 250 25 250 25 250 25 250 
26 1500 26 1000 26 250 26 250 26 250 26 250 
27 1500 27 900 27 250 27 250 27 250 27 250 
28 1500 28 900 28 250 28 250 28 250 28 250 
29 1500 29 900 29 250 29 250 29 250 29 250 
30 1500 30 900 30 250 30 250 30 250 30 250 

    31 900     31 250 31 250     
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Table O.2-5. Stanislaus River Minimum Fish Flow Schedule during Wet Water Year Types 

OCT CFS NOV CFS DEC CFS JAN CFS FEB CFS MAR CFS 
1 400 1 300 1 300 1 300 1 300 1 600 
2 400 2 300 2 300 2 300 2 300 2 1200 
3 400 3 300 3 300 3 600 3 300 3 2400 
4 400 4 300 4 300 4 600 4 300 4 5000 
5 400 5 300 5 300 5 600 5 600 5 5000 
6 400 6 300 6 300 6 600 6 600 6 5000 
7 400 7 300 7 300 7 600 7 600 7 5000 
8 400 8 300 8 300 8 600 8 600 8 4500 
9 400 9 300 9 300 9 300 9 600 9 2400 

10 400 10 300 10 300 10 300 10 600 10 1200 
11 400 11 300 11 300 11 300 11 300 11 800 
12 400 12 300 12 300 12 300 12 300 12 800 
13 400 13 300 13 300 13 300 13 300 13 800 
14 400 14 300 14 300 14 300 14 300 14 800 
15 500 15 300 15 300 15 300 15 300 15 800 
16 750 16 300 16 300 16 300 16 300 16 800 
17 1000 17 300 17 300 17 300 17 300 17 800 
18 1250 18 300 18 300 18 300 18 300 18 800 
19 1500 19 300 19 300 19 300 19 300 19 800 
20 1500 20 300 20 300 20 300 20 300 20 1200 
21 1500 21 300 21 300 21 300 21 300 21 1200 
22 1500 22 300 22 300 22 300 22 300 22 1200 
23 1500 23 300 23 300 23 300 23 300 23 1200 
24 1500 24 300 24 300 24 300 24 300 24 1200 
25 1500 25 300 25 300 25 300 25 300 25 800 
26 1500 26 300 26 300 26 300 26 300 26 800 
27 1500 27 300 27 300 27 300 27 300 27 800 
28 1250 28 300 28 300 28 300 28 300 28 800 
29 1000 29 300 29 300 29 300     29 800 
30 750 30 300 30 300 30 300     30 800 
31 500     31 300 31 300     31 800 

APR CFS MAY CFS JUN CFS JUL CFS AUG CFS SEP CFS 
1 800 1 4800 1 1200 1 800 1 400 1 400 
2 800 2 4800 2 1200 2 500 2 400 2 400 
3 1200 3 4500 3 1200 3 500 3 400 3 400 
4 2400 4 4500 4 1200 4 500 4 400 4 400 
5 5000 5 4500 5 1200 5 500 5 400 5 400 
6 5000 6 2400 6 1200 6 500 6 400 6 400 
7 5000 7 1200 7 1200 7 400 7 400 7 400 
8 4500 8 800 8 1200 8 400 8 400 8 400 
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OCT CFS NOV CFS DEC CFS JAN CFS FEB CFS MAR CFS 
9 3500 9 800 9 1200 9 400 9 400 9 400 

10 2400 10 800 10 1200 10 400 10 400 10 400 
11 1200 11 800 11 1200 11 400 11 400 11 400 
12 800 12 800 12 1200 12 400 12 400 12 400 
13 800 13 800 13 1200 13 400 13 400 13 400 
14 800 14 800 14 1200 14 400 14 400 14 400 
15 800 15 800 15 1200 15 400 15 400 15 400 
16 800 16 800 16 1200 16 400 16 400 16 400 
17 800 17 800 17 1200 17 400 17 400 17 400 
18 800 18 1500 18 1200 18 400 18 400 18 400 
19 800 19 1500 19 1000 19 400 19 400 19 400 
20 800 20 1500 20 1000 20 400 20 400 20 400 
21 800 21 2500 21 1000 21 400 21 400 21 400 
22 800 22 2500 22 1000 22 400 22 400 22 400 
23 800 23 2500 23 1000 23 400 23 400 23 400 
24 800 24 2500 24 1000 24 400 24 400 24 400 
25 800 25 2500 25 1000 25 400 25 400 25 400 
26 800 26 1500 26 1000 26 400 26 400 26 400 
27 800 27 1500 27 1000 27 400 27 400 27 400 
28 800 28 1500 28 800 28 400 28 400 28 400 
29 1200 29 1500 29 800 29 400 29 400 29 400 
30 2400 30 1500 30 800 30 400 30 400 30 400 

    31 1500     31 400 31 400     
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Figure O.2-5. Depicts Minimum Stanislaus River In-Stream Flow Schedule for Central Valley 
Steelhead as Measured at Goodwin Dam 

O.2.8.1.2 Temperature 

The 2009 NMFS RPA required Reclamation to manage cold water supply within New Melones 
Reservoir and make cold water releases from New Melones Reservoir to provide suitable 
temperatures for all life stages of Central Valley Steelhead in the Stanislaus River downstream of 
Goodwin Dam. The following table provides the criterion and temperature compliance location, 
duration, and life stage of Central Valley Steelhead benefiting from the operation. NMFS expected 
Reclamation to measure temperature compliance based on a 7-day average daily maximum 
temperature. 

The temperature compliance schedule provides an operational framework to minimize temperature-
related effects of operations in the reaches of the river most used by Central Valley Steelhead on a 
year-round basis. The temperature criteria for adult Central Valley Steelhead migration in the river 
were included, as NMFS expected that fall attraction flows would improve downstream temperature 
conditions necessary for adult migration (NMFS 2009).  
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Table O.2-6. Criterion and Temperature Compliance Location 

Criterion and Temperature 
Compliance Location Duration Steelhead Life Stage Benefit 
Temperature below 56°F at Orange 
Blossom Bridge 

October 1–December 31 Adult migration 

Temperature below 52°F at Knights 
Ferry and 57°F at Orange Blossom 
Bridge 

January 1–May 31 Smoltification 

Temperature Below 55°F at Orange 
Blossom Bridge 

January 1–May 31 Spawning and incubation 

Temperature below 65°F at Orange 
Blossom Bridge 

June 1–September 30 Juvenile rearing 

 

However, in April 2011, NMFS provided amendments to the NMFS OCAP RPA, which has now 
been replaced with the more current BO (NMFS 2019), indicating that the NMFS provided more 
flexibility to the Stanislaus Operation Group to adjust the timing and shape of various pulse flows 
within the Stanislaus River (NMFS 2011b).  

Based on the flow schedule depicted in Appendix 2-E of the 2011 NMFS RPA, NMFS indicated that 
the temperature criteria of RPA Action III.1.2 can generally be met. NMFS expected that salmon 
mortality may be about 2% higher in critically dry years, but is reduced by about 1% in all other year 
types under the RPA. 

O.2.8.1.3 Dissolved Oxygen 

Current operations are required to meet a year-round dissolved oxygen minimum of 7 mg/L, from 
June 1 to September 30 in the Stanislaus River at Ripon to protect salmon, Steelhead, and trout in the 
river (CDFW 2018b). Under existing conditions, it is challenging to maintain dissolved oxygen 
concentrations above 7 mg/L during drought conditions, and based on recent studies, does not appear 
to be warranted to protect salmonids in the river (Kennedy and Cannon 2005, Kennedy 2008). 

O.2.8.2 Fish in the Stanislaus River 

Steelhead and Fall-Run Chinook Salmon currently occur in the lower Stanislaus River. Historically, 
Spring-Run Chinook Salmon were believed to be the primary salmon run in the Stanislaus River. 
Native Spring-Run Chinook Salmon have been extirpated from all tributaries in the San Joaquin 
River basin, which represents a large portion of their historic range and abundance (NMFS 2014c). 
Other anadromous fish species that occur in the lower Stanislaus River include Striped Bass, 
American Shad, and an unidentified species of lamprey (SRFG 2003).  

The analysis is focused on the following species: 

• Fall-Run Chinook Salmon 

• Steelhead 

• Pacific Lamprey 

• Striped Bass 

• American Shad 
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O.2.8.2.1 Fall-Run Chinook Salmon 

Data collected by private fishery consultants, nonprofit organizations, and CDFW demonstrate the 
majority of Fall-Run Chinook Salmon adults migrate upstream from late September through 
December with peak migration from late October through early November. Most Chinook Salmon 
spawning occurs between Riverbank (RM 33) and Goodwin Dam (RM 58.4) (Reclamation 2012b). 
Based on redd surveys conducted by FISHBIO, peak spawning typically occurs in November with 
roughly 7% of spawning occurring prior to November 1, and 2% prior to October 15. The few redds 
created during late September and early October are typically in the reach just below Goodwin Dam. 
By late October, the amount of spawning in downstream locations increases as water temperatures 
decrease, and the median redd location is typically around Knights Ferry (SWRCB 2015). 

In 2010, over 20% of the Fall-Run Chinook Salmon observed passing the Stanislaus River weir had 
adipose fin clips, indicating the presence of a Coded Wire Tag (CWT) in their snout. Since there is 
no hatchery on the Stanislaus River and no hatchery releases into this tributary have occurred since 
2006, it is apparent that straying from other rivers is occurring (FISHBIO 2010b). 

Rotary screw trap data indicate that about 99% of salmon juveniles migrate out of the Stanislaus 
River from January through May (SRFG 2004). Fry migration generally occurs from January through 
March, followed by smolt migration from April through May (Reclamation 2012b). Watry et al. 
(2012) found that in both 2010 and 2011, peak passage during the pre-smolt period generally 
corresponded with flow pulses. Zeug et al. (2014) examined 14 years of rotary screw trap data on the 
lower Stanislaus River and found a strong positive response in survival, the proportion of pre-smolt 
migrants and the size of smolts when cumulative flow and flow variance were greater. From the data, 
they concluded that periods of high discharge in combination with high discharge variance are 
important for successful emigration as well as migrant size and the maintenance of diverse migration 
strategies. 

Mesick (2001) surmised that when water exports are high relative to San Joaquin River flows, little, 
if any, San Joaquin River water reaches San Francisco Bay, where it may be needed to help attract 
the salmon back to the Stanislaus River. During mid-October from 1987 through 1989, when export 
rates exceeded 400% of Vernalis flows, Mesick (2001) found that straying rates ranged from 11% to 
17%. In contrast, straying rates were estimated to be less than 3% when Delta export rates were less 
than about 300% of San Joaquin River flow at Vernalis during mid-October.  

One of the limiting factors appears to be the high rates of mortality for juveniles migrating through 
dredged channels in the Stanislaus River and Delta, particularly the Stockton Deep Water Ship 
Channel (Newcomb and Pierce 2010). Pickard et al. (1982) reported that the survival of juvenile fish 
in the ship channel is highest during flood flows or when a barrier is placed at the head of the Old 
River that more than doubles the flow in the ship channel. The Stanislaus River Fish Group (SRFG) 
(2004) noted that escapement is also directly correlated with springtime flows, when each brood 
migrates downstream as smolts. However, the cause of the mortality in the ship channel has not been 
studied. It is possible that mortality results from the combined effects of warm water temperatures, 
low dissolved oxygen concentrations, ammonia toxicity, and predation.  

As discussed earlier, dredging for gravel and gold, regulated flows, and the diking of floodplains for 
agriculture have substantially limited the availability of spawning and rearing habitat for Fall-Run 
Chinook Salmon. Reclamation has conducted spawning gravel augmentation to improve spawning 
and rearing habitats in the reach between Goodwin Dam and Knights Ferry most years since 1999. 
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The dredged areas also contain an abundance of large predatory fish, although SRFG concluded that 
there is uncertainty about whether predation is a substantial source of mortality for juvenile salmon.  

SRFG also concluded that water diversions for urban and agricultural use in all three San Joaquin 
River tributaries, which reduce flows and potentially result in unsuitably warm water temperatures 
during spring and fall, affect Fall-Run Chinook Salmon juvenile rearing and adult and juvenile 
migration in the lower San Joaquin River and Delta.  

O.2.8.2.2 Steelhead 

Steelhead were thought to be extirpated from the San Joaquin River system (NMFS 2009). However, 
monitoring has detected small self-sustaining (i.e., of natural origin, not of hatchery origin) 
populations of Steelhead in the Stanislaus River and other streams previously thought to be devoid of 
Steelhead (SRFG 2003; McEwan 2001). There is a catch-and-release Steelhead fishery in the lower 
Stanislaus River from January 1 to October 15. Surveys of O. mykiss (resident Rainbow Trout and 
the anadromous Steelhead) abundance and distribution conducted annually since 2009 have 
documented a relatively stable population. River-wide abundance estimates from 2009 to 2014 have 
averaged just over 20,220 (all life stages combined) and have never been estimated to be less than 
about 14,000 (2009). The highest densities and abundances of O. mykiss are consistently found in 
Goodwin Canyon. Key factors that may contribute to higher than average abundances in the 
Stanislaus River (relative to other San Joaquin River tributaries) include high gradient reaches that 
are typically associated with more fast-water habitats, particularly in Goodwin Canyon (SWRCB 
2015).  

Historically, the distribution of Steelhead extended into the headwaters of the Stanislaus River 
(Yoshiyama et al. 1996). Steelhead currently can migrate more than 58 miles up the Stanislaus River 
to the base of Goodwin Dam. In the Stanislaus River, there is little data regarding the migration 
patterns of adult Steelhead since adults generally migrate during periods when river flows and 
turbidity are high, making fish difficult to observe with standard adult monitoring techniques. 
Stanislaus River weir data indicate that Steelhead migrate upstream, through the south Delta and 
lower San Joaquin River, from September to March (Reclamation 2014b). High Delta export rates 
relative to San Joaquin River flows at Vernalis, when adults are migrating through the Delta 
(presumably December through May), may result in adults straying to the Sacramento River basin.  

It is believed that Steelhead spawn primarily from December to March in the Stanislaus River. 
Although few Steelhead spawning surveys have been conducted in the Stanislaus River, spawning O. 
mykiss were documented between Goodwin Dam and Horseshoe Bar in a 2014 spawning survey 
(Reclamation and DWR 2015). The spawning adults require holding and feeding habitat with cover 
adjacent to suitable spawning habitat. These habitat features are relatively rare in the lower Stanislaus 
River because of in-river gravel mining and the scouring of gravel from riffles in Goodwin Canyon.  

Juvenile Steelhead rear in the Stanislaus River for at least 1 year, and usually 2 years, before 
migrating to the ocean. As a result, flow, water temperature, and dissolved oxygen concentration in 
the reach between Goodwin Dam and the Orange Blossom Bridge (their primary rearing habitat) are 
critical during summer (Reclamation 2012b).  

Small numbers of Steelhead smolts have been captured in rotary screw traps at Caswell State Park 
and near Oakdale (FISHBIO 2007; Watry et al. 2007, 2012), and data indicate that Steelhead out-
migrate primarily from February through May. Rotary screw traps are generally not considered 
efficient at catching fish as large as Steelhead smolts, and the number captured is too small to 
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estimate capture efficiency, so no Steelhead smolt out-migration population estimate has been 
calculated. The capture of these fish in downstream migrant traps and the advanced smolting 
characteristics exhibited by many of the fish indicate that some Steelhead/Rainbow juveniles might 
migrate to the ocean in spring. However, it is not known whether the parents of these fish were 
anadromous or fluvial (i.e., migrate within fresh water). Resident populations of Steelhead/Rainbow 
Trout in large streams are typically fluvial, and migratory juveniles look much like smolts. 

O.2.8.2.3 Pacific Lamprey 

The Pacific Lamprey is a widely distributed anadromous species that inhabits accessible reaches of 
the Stanislaus River (SRFG 2003). Limited information on Pacific Lamprey status in the Stanislaus 
River exists, but the species has experienced loss of access to historical habitat and apparent 
population declines throughout California and the Sacramento and San Joaquin River basins 
(Moyle et al. 2009). Little information is available on factors influencing Pacific Lamprey 
populations in the Stanislaus River, but they are likely affected by many of the same factors as 
salmon and Steelhead because of parallels in their life cycles.  

Ocean stage adults likely migrate into the Stanislaus River in spring and early summer, where they 
hold for approximately 1 year before spawning (Hanni et al. 2006). Hannon and Deason (2008) have 
documented Pacific Lampreys spawning in the American River from early January to late May, with 
peak spawning typically in early April. Spawning time is presumably similar in the Stanislaus River. 
Pacific Lamprey ammocoetes are expected to rear in the Stanislaus River for all or part of their 5- to 
7-year freshwater residence. Data from rotary screw trapping in the nearby Mokelumne and 
Tuolumne Rivers suggest that out-migration of Pacific Lamprey generally occurs from early winter 
through early summer (Hanni et al. 2006). Catches of juvenile Pacific Lampreys in trawl surveys of 
the mainstem San Joaquin River, near the mouth of the Stanislaus River at Mossdale, occurred during 
winter and spring. Some out-migration likely occurs year-round, as observed at sites on the mainstem 
Sacramento River (Hanni et al. 2006). Significant numbers of lampreys of unknown species and 
unspecified life stage have been captured during rotary screw trapping on the Stanislaus River at 
Oakdale (FISHBIO 2007) and Caswell (Watry et al. 2007).  

O.2.8.2.4 Striped Bass 

Striped Bass occur in the Stanislaus River, and they support a sport fishery when adult fish migrate 
upstream to spawn. Striped Bass have been observed at Lovers Leap and at Knights Ferry from May 
through the end of June. These adult fish were observed in all habitats (USFWS 2002; Kennedy and 
Cannon 2005). The distribution of Striped Bass in the Stanislaus River is thought to be limited to 
downstream of the historic Knights Ferry Bridge due to a set of falls about 3 feet tall in the area 
(USFWS 2002). 

O.2.8.2.5 American Shad 

American Shad migrate up the Stanislaus River to spawn in the late spring and support a sport fishery 
during that period. American Shad have been observed on occasion from June through July at Lovers 
Leap (USFWS 2002; Kennedy and Cannon 2005). American Shad were found primarily in the faster 
habitats and were observed in schools of 20 or more (USFWS 2002). 

O.2.8.2.6 Aquatic Habitat 

Schneider et al. (2003) conducted hydrologic analysis of the Stanislaus River and found that New 
Melones Dam (built in 1979) and more than 30 smaller dams cumulatively impound 240% of 
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average annual unimpaired runoff. Schneider et al. (2003) concluded that this has reduced winter 
floods and spring snow melt runoff, and increased summer base flows to supply irrigation demand. 
As a result, the frequency and extent of overbank flooding has been reduced. Based on historical data 
and field measurements, Schneider et al. (2003) suggested that the channel had incised approximately 
1 to 3 feet since dam construction, and that the discharge needed for overbank flows has 
approximately doubled. 

With respect to the related need for geomorphic flows, Kondolf et al. (2001) estimated bedload 
mobilization flows in the Stanislaus River to be around 5,000 to 8,000 cfs to mobilize the median 
particle size of the channel bed material. Flows necessary to mobilize the bed material increased 
downstream from a minimal 280 cfs where gravel had been recently added near Goodwin Dam to 
about 5,800 cfs at Oakdale Recreation Area (Reclamation 2008a). Before construction of New 
Melones Dam, a bed-mobilizing flow of 5,000 to 8,000 cfs was equivalent to a 1.5- to 1.8-year return 
interval flow. Following construction of the dam, 5,000 cfs represents approximately a 5-year return 
interval flow, and 8,000 cfs exceeds all flows within the 21-year study period, 1979 to 1999 
(maximum flow was 7,350 cfs on January 3, 1997). The probability of occurrence for a daily average 
flow exceeding 5,330 cfs (the pre-dam bankfull discharge) is 0.01 per year. 

Low dissolved oxygen levels have been measured in the San Joaquin River, in particular in the Deep 
Water Ship Channel from the Port of Stockton seven miles downstream to Turner Cut (Lee and 
Jones-Lee 2003). These conditions are the result of increased residence time of water combined with 
high oxygen demand in the anthropogenically modified channel, which leads to dissolved oxygen 
depletion, particularly near the sediment-water interface (SJTA 2012). Despite these conditions, adult 
salmon and Steelhead migration does not appear to be adversely affected (Pyper et al. 2006). 
However, during the 1960s, Hallock et al. (1970) found that adult radio-tagged Chinook Salmon 
delayed their upstream migration whenever dissolved oxygen concentrations were less than 5 
milligrams per liter (mg/L) at Stockton. SWRCB D-1422 requires water to be released from New 
Melones Reservoir to maintain dissolved oxygen standards in the Stanislaus River. It has been shown 
that low dissolved oxygen conditions in the San Joaquin River during the fall can be ameliorated 
somewhat through installation of the Head of the Old River Barrier, which increases San Joaquin 
River flows during the fall (SJTA 2012). The Port of Stockton has operated an aeration facility to 
achieve SWRCB dissolved oxygen water quality objectives since 2012 reducing the need for the fall 
Head of Old River Barrier to achieve this purpose.  

O.2.8.2.7 Spawning and Rearing Habitat 

Upstream dams have suppressed channel-forming flows that replenish spawning beds in the 
Stanislaus River (Kondolf et al. 1996). The physical presence of the dams impedes normal sediment 
transportation processes. Kondolf (et al. 2001) identified levels of sediment depletion at 20,000 cubic 
yards per year as a result of a variety of factors, including mining and geomorphic processes 
associated with past and ongoing dam operations. In 2011, 5,000 tons of gravel were placed in 
Goodwin Canyon downstream of Goodwin Dam, of which about 70% was transported into nearby 
downstream areas during high flows (SOG 2012).  

Extensive instream gravel mining removed large quantities of spawning habitat from the Stanislaus 
River (Kondolf et al. 2001). Gravel mining also has resulted in instream mine pits that occur in the 
primary salmonid spawning areas, including a large, approximately 1-mile-long pit called the 
Oakdale Recreation Pond. Instream mine pits trap bedload sediment, store large volumes of sand and 
silt, and pass “sediment-starved” water downstream, where it typically erodes the channel bed and 
banks to regain its sediment load (Kondolf et al. 2001). Reclamation restores and replenishes 
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spawning gravel and rearing habitat lost from the construction and operation of dams in the 
Stanislaus River to restore spawning habitat and remediate sediment related loss of geomorphic 
function, such as channel incision.  

O.2.8.2.8 Floodplain Habitat 

Kondolf et al. (2001) identified that floodplain terraces and point bars inundated before operation of 
New Melones Reservoir have become fossilized with fine material and thick riparian vegetation that 
is never rejuvenated by scouring flows. Channel forming flows in the 8,000-cfs range have occurred 
only twice since New Melones Reservoir began operation in 1979.  

Based on historical data and field measurements, Schneider et al. (2003) suggested that the channel 
incised approximately 1 to 3 feet since dam construction, and that the discharge needed for overbank 
flows has approximately doubled. Without inundation, the floodplains cannot provide terrestrial food 
for juvenile salmon or organic matter that helps produce more food within the river. Increased flows 
required for inundation also have had the effect of further isolating floodplains from the channel, 
leading to the loss of floodplain habitats.  

In 2011, a habitat restoration project to increase spawning habitat also restored 640 feet of remnant 
side channel habitat, allowing water to flow at the current 1.5-year return interval (575 cfs), in 
addition to three cross channels designed to inundate at higher flows (SOG 2011).  

O.2.8.2.9 Fish Passage and Entrainment 

Constructed in 1913, Goodwin Dam was probably the first permanent barrier to significantly affect 
anadromous fish access to upstream habitat in the Stanislaus River. Goodwin Dam had a fishway, but 
Chinook Salmon could seldom pass it, and other salmonids may have been similarly affected. 
Yoshiyama et al. (1996) estimated that historically Chinook Salmon and other salmonids had access 
to 113 miles of habitat, compared with 58 miles under current conditions. 

There are numerous small, unscreened diversions on the lower Stanislaus River (Herren and 
Kawasaki 2001). The effects of these diversions on fish is not clear; however, in tracking the fate of 
49 radio-tagged fish, S.P. Cramer and Associates (1998) did not detect any entrainment at several 
moderately sized unscreened pumps in the lower Stanislaus River.  

O.2.8.2.10 Predation 

Areas of the Stanislaus River, including spawning riffles in the active channel, were mined for gravel 
and gold primarily from 1940 to 1970. The mined areas consist of long, deep ditches and large ponds 
that provide habitat for predators, such as Striped Bass, Sacramento Pikeminnow, Largemouth Bass, 
and Smallmouth Bass (Mesick 2002). Studies by S.P. Cramer and Associates (1998) documented 
predation on juvenile salmonids by Bass in the Tuolumne and Stanislaus Rivers. However, in its 
review of information, SRFG (2004) concluded that the available studies and observations suggest 
that fish predators in the Stanislaus River may be limited to adult Sacramento Pikeminnow and Riffle 
Sculpin feeding on newly emerged fry, whereas Smallmouth Bass, Largemouth Bass, and possibly 
American Shad probably feed on relatively few parr that remain in the river during late spring and 
summer when water temperatures are high.  

It is possible that predation is high for juveniles rearing in the Deep-Water Ship Channel in the Delta 
as observed by Pickard et al. (1982). Predation rates on hatchery-reared juveniles and tagged 
juveniles may be higher than those for naturally produced fish. TID/MID (1992, 2013), and TRTAC 
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et al. (2006), have documented predation on salmonids by nonnative predatory fishes in the 
Tuolumne River, primarily in run-of-river gravel mining ponds and dredged areas. Sonke and Fuller 
(2012) reported the number of juvenile Chinook Salmon passing the rotary screw traps at Waterford 
(2006 to 2012) and Grayson (1995 to 2012) on the Tuolumne River. FISHBIO (2013a) calculated the 
potential consumption of juvenile Chinook Salmon by predators in the reach between the Waterford 
and Grayson rotary screw traps in 2012 and found that consumption of juvenile Chinook Salmon in 
this reach could equal or exceed the number passing the Waterford trap. Based on their consumption 
calculations and the difference in estimated numbers of juvenile Chinook Salmon passing the 
Waterford and Grayson rotary screw traps, FISHBIO (2013c) concluded that it is plausible that the 
majority of juvenile Chinook Salmon losses in this reach are due to predation. NMFS (2009) noted 
that losses on the Stanislaus River have not been similarly quantified, but predation on Fall-Run 
Chinook Salmon smolts and Steelhead by Striped Bass and Largemouth Bass has been documented.  

O.2.9 San Joaquin River 

Since the construction of Friant Dam, significant changes in physical (fluvial geomorphic) processes 
and substantial reductions in stream flows in the San Joaquin River have occurred, resulting in large-
scale alterations to the river channel and associated aquatic, riparian, and floodplain habitats. 
Throughout the area, there are physical barriers, reaches with poor water quality or no surface flow, 
and false migration pathways that have reduced habitat connectivity for anadromous and resident 
native fishes (Reclamation and DWR 2011). As a result, there has been a general decline in both the 
abundance and distribution of native fishes, with several species extirpated from the system (Moyle 
2002). 

Moyle (2002) reported that of the 21 native fish species historically present in the San Joaquin River, 
at least 8 are now uncommon, rare, or extinct. The deep-bodied fish assemblage (e.g., Sacramento 
Splittail, Sacramento Blackfish) has been replaced by nonnative species like carp and catfish.  

The San Joaquin River from the Stanislaus River to the Delta is dominated by nonnative species such 
as Largemouth Bass, Inland Silverside, carp, and several species of sunfish and catfish (Moyle 2002). 
Anadromous species include Fall-Run Chinook Salmon, Steelhead, Striped Bass, American Shad, 
White Sturgeon, and several species of lamprey (Reclamation et al. 2003). The Fall-Run Chinook 
Salmon population is supported in part by hatchery stock in the Merced River. Spawning by 
anadromous salmonids in the San Joaquin River basin occurs only in the tributaries to the San 
Joaquin River, including the Merced, Tuolumne, and Stanislaus Rivers (Brown and Moyle 1993). 
Spring-Run Chinook Salmon no longer exist in the San Joaquin River, but are targeted for restoration 
in this system under Reclamation’s San Joaquin River Restoration Program. In early 2015, the 
program experimentally released juvenile Spring-Run Chinook Salmon into the San Joaquin River 
near the Merced River. Surviving adults may return to the San Joaquin River as early as spring 2017. 
Because of the uncertainty of future restoration success and the current lack of natural presence in the 
San Joaquin River, Spring-Run Chinook Salmon is not included in the analysis of San Joaquin River 
fish. 

O.2.9.1 Water Operations Management 

O.2.9.2 Flow 

Reclamation operates the Friant Division for flood control, irrigation, M&I, and fish and wildlife 
purposes. Facilities include Friant Dam, Millerton Reservoir, and the Friant-Kern and Madera 
Canals. Friant Dam provides flood control on the San Joaquin River, provides downstream releases 
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to meet senior water rights requirements above Gravelly Ford, provides Restoration Flow releases 
under Title X of Public Law 111-11, and provides conservation storage as well as diversion into 
Madera and Friant-Kern Canals for water supply. Water is delivered to about a million acres of 
agricultural land in Fresno, Kern, Madera, and Tulare Counties in the San Joaquin Valley via the 
Friant-Kern Canal south into Tulare Lake Basin and via the Madera Canal northerly to Madera 
Irrigation District and Chowchilla Water Districts. A minimum of 5 cfs is required to pass the last 
holding contract diversion located about 40 miles downstream of Friant Dam near Gravelly Ford. 

The San Joaquin River Restoration Program implements the San Joaquin River Restoration 
Settlement Act in Title X of Public Law 111-11. USFWS and NMFS issued programmatic biological 
opinions in 2012 that included project-level consultation for San Joaquin River Restoration Program 
flow releases. Programmatic ESA coverage is provided for flow releases up to a certain level, 
recapture of those flows in the lower San Joaquin River and the Delta, and all physical restoration 
and water management actions listed in the Settlement. 

The Stipulation of Settlement of Natural Resources Defense Council, et al. v. Rogers, et al. (No. 
CIV-S-88-1658-LKK/GGH), is based on two goals—the Restoration Goal and the Water 
Management Goal. To achieve the Restoration Goal, the Settlement calls for, among other things, 
releases of water from Friant Dam to the confluence of the Merced River (referred to as Restoration 
Flows) according to the hydrographs in Settlement Exhibit B. To achieve the Water Management 
Goal, the Settlement calls for the development and implementation of a plan for recirculation, 
recapture, reuse, exchange or transfer of Restoration Flows for the purpose of reducing or avoiding 
impacts on water deliveries to all of the Friant Contractors caused by Restoration Flows. Recapture 
of Restoration Flows may occur upstream of a capacity restricted reach, or downstream of the 
Merced River confluence. Recapture can occur at Banta-Carbona, Patterson, or West Stanislaus 
Irrigation District facilities, or at the Jones or Banks Pumping Plants. Recapture of Restoration Flows 
in the Sacramento–San Joaquin Delta under this proposed action would average 65 TAF, ranging 
from approximately 25 TAF to 78 TAF depending on the water year type.  

O.2.9.3 Temperature 

Restoration flows are determined through review of the Restoration Allocation and Default Flow 
schedule as determined under the settlement. The flow schedule is determined from a series of pre-set 
schedules based on water year type and atmospheric conditions. Other factors in consideration 
include water allocations, unreleased volumes of restoration flows, flow targets set at Gravelly Ford, 
remaining flexible flow volumes and general operational constraints. Specific temperature targets 
were not identified in determining ongoing flow management. Although specific temperatures were 
not identified, flow schedules based on water year types are created by considering a number of 
factors including temperature. As a result, prescribed flow schedules indirectly manage for 
temperature within available resources.  

O.2.9.4 Fish in the San Joaquin River 

The analysis is focused on the following species: 

• Fall-Run Chinook Salmon  

• Steelhead 

• White Sturgeon 

• Sacramento Splittail 
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• Pacific Lamprey 

• Striped Bass 

• American Shad 

O.2.9.4.1 Fall-Run Chinook Salmon 

Fall-Run Chinook Salmon are present in the San Joaquin River and its major tributaries upstream to 
and including the Merced River. Spawning and rearing occur in the major tributaries (Merced, 
Tuolumne, and Stanislaus Rivers) downstream of the mainstem dams. Weir counts in the Stanislaus 
River suggest that adult Fall-Run Chinook Salmon in the San Joaquin River basin typically migrate 
into the upper rivers from late September to mid-November and spawn shortly thereafter (Pyper et al. 
2006; Anderson et al. 2007; FISHBIO 2010a, 2011).  

The San Joaquin River downstream of the Stanislaus River primarily provides upstream passage for 
adult Fall-Run Chinook Salmon and downstream passage for juveniles and smolts as they out-
migrate from the tributary spawning and rearing areas to the Delta and the Pacific Ocean. The 
juvenile Fall-Run Chinook Salmon out-migration in the San Joaquin River basin typically occurs 
during winter and spring, primarily from January through May. The out-migration consists primarily 
of fry in winter and smolts in spring (FISHBIO 2007, 2013b). Trawl sampling in the lower San 
Joaquin River from Mossdale to the Head of Old River (the Mossdale Trawl) captures Chinook 
Salmon from February into July, with peak catches generally during April and May (Speegle et al. 
2013).  

O.2.9.4.2 Steelhead 

Steelhead were historically present in the San Joaquin River, though data on their population levels 
are lacking (McEwan 2001). The current Steelhead population in the San Joaquin River is 
substantially reduced compared with historical levels, although resident Rainbow Trout occur 
throughout the major San Joaquin River tributaries. Additionally, small populations of Steelhead 
persist in the lower San Joaquin River and tributaries (e.g., Stanislaus, Tuolumne, and possibly the 
Merced Rivers) (Zimmerman et al. 2009; McEwan 2001). Steelhead/Rainbow Trout of anadromous 
parentage occur at low numbers in all three major San Joaquin River tributaries. These tributaries 
have a higher percentage of resident Rainbow Trout compared to the Sacramento River and its 
tributaries (Zimmerman et al. 2009).  

Presence of Steelhead smolts from the San Joaquin River basin is estimated annually by CDFW 
based on the Mossdale Trawl (SJRGA 2011). The sampling trawls capture Steelhead smolts, 
although usually in small numbers. One Steelhead smolt was captured and returned to the river 
during the 2009 sampling period (SJRGA 2010), and three Steelhead were captured and returned in 
both 2010 and 2011 (Speegle et al. 2013).  

O.2.9.4.3 Sacramento Splittail 

Historically, Sacramento Splittail were widespread in the San Joaquin River and found upstream to 
Tulare and Buena Vista lakes, where they were harvested by native peoples (Moyle et al. 2004). 
Today, Sacramento Splittail likely ascend the San Joaquin River to Salt Slough during wet years 
(Baxter 1999). During dry years, Sacramento Splittail are uncommon in the San Joaquin River 
downstream of the Tuolumne River (Moyle et al. 2004). Most spawning takes place in the flood 
bypasses, along the lower reaches of the Sacramento and San Joaquin Rivers and major tributaries, 
and lower Cosumnes River and similar areas in the western Delta.  
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Most juveniles apparently move downstream into the Delta from April to August (Meng and Moyle 
1995). The population of Sacramento Splittail is largely influenced by extent and period of 
inundation of floodplain spawning habitats, with abundance spiking following wet years and 
declining after dry years (Moyle et al. 2004). Other factors that may influence the San Joaquin River 
portion of the Sacramento Splittail population include flood control, entrainment by diversion, 
recreational fishing, pollutants, and nonnative species (Moyle et al. 2004). 

O.2.9.4.4 Pacific Lamprey 

The Pacific Lamprey is a widely distributed anadromous species found in accessible reaches of the 
San Joaquin River and many of its tributaries.  

Data from mid-water trawls in the lower San Joaquin River near Mossdale indicate that adults likely 
migrate into the San Joaquin River in spring and early summer (Hanni et al. 2006). In other large 
river systems, the initial adult migration from the ocean generally stops in summer, and Pacific 
Lampreys hold until the following winter or spring before undergoing a secondary migration to 
spawning grounds (Robinson and Bayer 2005; Clemens et al. 2012). Midwater trawl surveys in the 
San Joaquin River suggest that peak ammocoete out-migration occurs in January and February 
(Hanni et al. 2006). 

Little information is available on factors influencing Pacific Lamprey in the San Joaquin River, but 
they are likely affected by many of the same factors as salmon and Steelhead because of parallels in 
their life cycles. Lack of access to historical spawning habitats because of the mainstem dams and 
other migration barriers, modification of spawning and rearing habitats, altered hydrology, 
entrainment by water diversions, and predation by nonnative invasive species such as Striped Bass all 
likely influence Pacific Lamprey in the San Joaquin River and tributaries.  

O.2.9.4.5 Striped Bass 

Striped Bass are regularly found in San Joaquin River tributaries, including in lower mainstem deep 
pools of the Stanislaus and Tuolumne Rivers (e.g., Anderson et al. 2007). Ainsley et al. (2013) 
reported that Striped Bass were collected at two locations between the Head of the Old River and the 
mouth of the Stanislaus River on the mainstem San Joaquin River in May.  

O.2.9.4.6 American Shad 

Little is known about American Shad populations inhabiting the San Joaquin River. American Shad 
may spawn in the San Joaquin River system, but their abundance is unknown. Sport fishing for 
American Shad occurs seasonally in the San Joaquin River. 

O.2.9.4.7 Sturgeon 

Little is known about White Sturgeon populations inhabiting the San Joaquin River. Spawning-stage 
adults generally move into the lower reaches of rivers during winter prior to spawning, then migrate 
upstream to spawn in response to higher flows (Schaffter 1997; McCabe and Tracy 1994). Based on 
tag returns from White Sturgeon tagged in the Sacramento–San Joaquin Delta and recovered by 
anglers, Kohlhorst et al. (1991) estimated that over 10 times as many White Sturgeon spawn in the 
Sacramento River as in the San Joaquin River. 

CDFW fisheries catch information for the San Joaquin River obtained from fishery report cards 
(CDFG 2008, 2009b, 2010, 2011, 2012b; CDFW 2013, 2014a) documented that anglers upstream of 
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State Route 140 caught from 8 to 25 mature White Sturgeon annually during 2007 through 2013. 
Below State Route 140 downstream to Stockton, anglers caught 2 to 35 mature White Sturgeon 
annually over the same time period; most of the White Sturgeon caught were released. 

White Sturgeon spawning in the San Joaquin River was documented for the first time in 2011 and 
confirmed in 2012. Viable White Sturgeon eggs were collected in 2011 at one sampling location 
downstream of Laird Park (Gruber et al. 2012) and in 2012 at four sampling locations generally 
between Laird Park and the Stanislaus River confluence (Jackson and Van Eenennaam 2013). 
Although the majority of Sturgeon likely spawn in the Sacramento River, the results of these surveys 
confirm that White Sturgeon do spawn in the San Joaquin River in both wet- and dry-year conditions 
and may be an important source of production for the White Sturgeon population in the Sacramento–
San Joaquin River system.  

Green Sturgeon are also present in the San Joaquin River, but at considerably lower numbers than 
White Sturgeon. From 2007 to 2012, anglers reported catching six Green Sturgeon in the San Joaquin 
River (Jackson and Van Eenennaam 2013). Although the reported presence of Green Sturgeon in the 
San Joaquin River coincides with the spawning migration period of Green Sturgeon within the 
Sacramento River, no evidence of spawning has been detected (Jackson and Van Eenennaam 2013).  

O.2.9.5 Aquatic Habitat 

Aquatic habitat conditions vary spatially and temporally throughout the lower San Joaquin River 
because of differences in habitat availability and connectivity, water quantity and quality (including 
water temperature), and channel morphology. 

Downstream of the Stanislaus River confluence, the San Joaquin River is more sinuous than 
upstream reaches and contains oxbows, side channels, and remnant channels. It conveys the 
combined flows of the major tributaries, including the Merced, Tuolumne, Stanislaus, and Calaveras 
Rivers. Flood control levees closely border much of the river but are set back in places, creating 
some off-channel aquatic habitat areas when inundated (Reclamation and DWR 2011). The channel 
gradient in this portion of the San Joaquin River is low, and the lack of gravel or coarser substrate 
precludes spawning by salmonids.  

O.2.9.6 Fish Passage 

In the reach of the river downstream of the confluence of the Stanislaus River, fish encounter passage 
challenges associated with water diversions, and adult salmon migrating upstream from the Delta 
also may encounter prohibitively high stream temperatures that delay migration until temperatures 
decline (McBain and Trush 2002). Installation of seasonal barriers in the Delta also can impair fish 
passage. 

O.2.9.7 Hatcheries 

No hatcheries in the San Joaquin River basin are affected by CVP or SWP operations. The Merced 
River Hatchery, located on the Merced River, is operated by CDFW to supplement the Fall-Run 
Chinook Salmon population. It is not included in the CVP or SWP service areas. As part of the San 
Joaquin River Restoration Program, CDFW has begun operation of a conservation hatchery 
downstream of Friant Dam to produce Spring-Run Chinook Salmon (Reclamation and DWR 2010). 
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O.2.9.8 Predation 

Recent studies of predation in the San Joaquin River are limited to the major tributaries, where 
Largemouth and Smallmouth Bass have been identified as the most important predators of juvenile 
Chinook Salmon (McBain and Trush and Stillwater Sciences 2006). Striped Bass, Channel Catfish, 
and White Catfish have also been identified as important salmon predators in the San Joaquin River 
(Hayes et al. 2017).  

O.2.9.9 New Melones Reservoir, Tulloch Reservoir, and Goodwin Dam 

The north, middle, and south forks of the Stanislaus River converge upstream of the CVP New 
Melones Reservoir. Water from New Melones Reservoir flows into Tulloch Reservoir (Reclamation 
2010b). Downstream of Tulloch Reservoir, the Stanislaus River flows through the reservoir formed 
by Goodwin Dam and then approximately 40 miles to the confluence with the San Joaquin River.  

New Melones Reservoir is approximately 60 miles upstream from the confluence of the Stanislaus 
and San Joaquin Rivers and is operated by Reclamation. New Melones Reservoir is an artificial 
environment and does not support a naturally evolved aquatic community. Most of the species in the 
reservoir were introduced, although a few native species may still be present. From a fisheries 
perspective, recreational fishing is the most important use of New Melones Reservoir. Fish species in 
New Melones Reservoir include Rainbow Trout, Brown Trout, Largemouth Bass, sunfishes such as 
Black Crappie and Bluegill, and three species of catfish (Reclamation 2010b). Rainbow Trout, 
Brown Trout, and large Channel Catfish are generally restricted to colder, deeper water during 
summer, when New Melones Reservoir has two distinct thermal layers of water, although large 
Brown Trout and Channel Catfish are found in shallow water near steep banks at night when they 
ascend to feed. 

Tulloch Reservoir is operated as an afterbay for the New Melones Reservoir and is subject to 
fluctuating water levels that occur on a daily and seasonal basis. Tulloch Reservoir stratifies weakly 
during summer and contains a reserve of relatively cold, well-oxygenated water that is released 
downstream. Tulloch Reservoir supports both warm and cold freshwater habitat. Goodwin Power 
(2013) reported that CDFW captured 15 species in Tulloch Reservoir from 1969 through 1998. Five 
dominant species made up almost 80% of the catch: White Catfish (31%), Bluegill (20%), 
Sacramento Sucker (11%), Smallmouth Bass (10%), and Black Crappie (7%). Of these, only the 
Sacramento Sucker is native. Other native species in the catch were Sacramento Hitch, Hardhead, 
Sacramento Pikeminnow, and Rainbow Trout (now stocked). Other nonnative fish found in Tulloch 
reservoir include Largemouth Bass and Threadfin Shad (CDFG 2002b). 

Little information exists regarding aquatic resources in the reservoir formed by Goodwin Dam. It is 
assumed that fish assemblies are similar to those described for Tulloch Reservoir. 

O.2.10 Bay-Delta 

Ecologically, the Delta consists of three major landscapes and geographic regions: (1) the north Delta 
freshwater flood basins composed primarily of freshwater inflow from the Sacramento River system; 
(2) the south Delta distributary channels composed of predominantly San Joaquin River system 
inflow; and (3) the central Delta tidal islands landscape wherein the Sacramento, San Joaquin, and 
east side tributary flows converge and tidal influences from San Francisco Bay are greater.  
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O.2.10.1 Fish in the Delta 

The Delta provides unique and, in some places, highly productive habitats for a variety of fish 
species, including euryhaline and oligohaline resident species and anadromous species. For 
anadromous species, the Delta is used by adult fish during upstream migration and by rearing 
juvenile fish that are feeding and growing as they migrate downstream to the ocean. Conditions in the 
Delta influence the abundance and productivity of all fish populations that use the system. Fish 
communities currently in the Delta include a mix of native species, some with low abundance, and a 
variety of introduced fish, some with high abundance (Matern et al. 2002; Feyrer and Healey 2003; 
Nobriga et al. 2005; Brown and May 2006; Moyle and Bennett 2008; Grimaldo et al. 2012). 

The analysis is focused on the following species: 

• Chinook Salmon (Winter-Run, Spring-Run, and Fall- /Late Fall–Run) 

• Steelhead 

• Green Sturgeon 

• White Sturgeon 

• Pacific Lamprey 

• Striped Bass 

• American Shad 

• Delta Smelt 

• Longfin Smelt 

• Sacramento Splittail 

The Interagency Ecological Program (IEP) has been monitoring fish populations in the San Francisco 
Estuary for decades. Survey methods have included beach seining, midwater trawls, Kodiak trawls, 
otter trawls, and other methods (Honey et al. 2004) to sample the pelagic fish assemblage throughout 
the estuary. Three of the most prominent resident pelagic fishes captured in the surveys (Delta Smelt, 
Longfin Smelt, and Striped Bass) have shown substantial long-term population declines (Kimmerer 
et al. 2000; Bennett 2005; Rosenfield and Baxter 2007). Reductions in pelagic fish abundance since 
2002 have been recognized as a serious water and fish management issue and have become known as 
the Pelagic Organism Decline (POD) (Sommer et al. 2007a).  

In response to the POD, IEP formed a study team in 2005 to evaluate the potential causes of the 
decline. Since completion of the first set of studies in late 2005, alternative models have been 
developed based on the available data and at professional judgment of the POD-Modeling Team 
regarding the extent to which individual drivers are likely to affect each species-life stage. The nine 
drivers identified (Baxter et al. 2010) were: (1) mismatch of larvae and food; (2) reduced habitat 
space; (3) adverse water movement/transport; (4) entrainment; (5) toxic effects on fish; (6) toxic 
effects on fish food items; (7) harmful Microcystis aeruginosa blooms; (8) Potamocorbula amurensis 
effects on food availability; and (9) disease and parasites.  

An overall negative trend in habitat quality has occurred for Delta Smelt and Striped Bass (and 
potentially other fish species) as measured by water quality attributes and midwater trawl catch data 
since 1967, with Delta Smelt and Striped Bass experiencing the most apparent declines in abundance, 
distribution, and a related index of environmental quality (Feyrer et al. 2007, 2010). More 
specifically, the position of X2 and water clarity may be important factors influencing the quality of 
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habitat for these species (Mac Nally et al. 2010). Other factors, such as the introduction of nonnative 
clam species, also contribute to reducing habitat quality. Pelagic habitat suitability in the San 
Francisco Estuary has been characterized by changes in X2 (Feyrer et al. 2007, 2010). The 
abundance of several taxa increases in years when flows into the estuary are high and X2 is pushed 
seaward (Jassby et al. 1995; Kimmerer 2002a, 2002b), implying that the quantity or suitability of 
estuarine habitat increases when outflows are high. Recent analyses by Kimmerer et al. (2009) 
indicated that neither changes in area or volume of low salinity water (habitat) account for this 
relationship, except for Striped Bass and American Shad. This suggests that X2 is indexing other 
environmental variables or processes rather than simple extent of habitat (Baxter et al. 2010)), with 
such factors potentially including geographic location (Manly et al. 2015). 

O.2.10.1.1 Winter-Run Chinook Salmon 

Winter-Run Chinook Salmon use the Delta for upstream migration as adults and for downstream 
migration and rearing as juveniles (del Rosario et al. 2013). Adults migrate through the Delta during 
winter and into late spring (May/June) enroute to their spawning grounds in the mainstem 
Sacramento River downstream of Keswick Dam (USFWS 2001, 2003b). Adults are believed to 
primarily use the mainstem Sacramento River for passage through the Delta (NMFS 2009). After 
entry into the Delta, juvenile Winter-Run Chinook Salmon remain and rear in the Delta until they are 
5 to 10 months of age (based on scale analysis) (Fisher 1994; Myers et al. 1998). Although the 
duration of residence in the Delta is not precisely known, del Rosario et al. (2013) suggested that it 
can be up to several months. Winter-Run Chinook Salmon juveniles have been documented in the 
north Delta (e.g., Sacramento River, Steamboat Slough, Sutter Slough, Miner Slough, Yolo Bypass, 
and Cache Slough complex); the central Delta (e.g., Georgiana Slough, DCC, Snodgrass Slough, and 
Mokelumne River complex below Dead Horse Island); south Delta channels, including Old and 
Middle Rivers, and the joining waterways between Old and Middle Rivers (e.g., Victoria Canal, 
Woodward Canal, and Connection Slough); and the western central Delta, including the mainstem 
channels of the Sacramento and San Joaquin Rivers and Threemile Slough (NMFS 2009). 

Sampling at Chipps Island in the western Delta suggests that Winter-Run Chinook Salmon exit the 
Delta as early as December and as late as May, with a peak in March (Brandes and McLain 2001; del 
Rosario et al. 2013). The peak timing of the out-migration of juvenile Winter-Run Chinook Salmon 
through the Delta is corroborated by recoveries of Winter-Run-sized juvenile Chinook Salmon from 
the SWP Skinner Delta Fish Protection Facility (Skinner fish facility) and the CVP Tracy Fish 
Collection Facility (TFCF or Tracy fish facility) in the south Delta (NMFS 2009).  

O.2.10.1.2 Spring-Run Chinook Salmon 

The Delta is an important migratory route for all remaining populations of Spring-Run Chinook 
Salmon. Like all salmonids migrating up through the Delta, adult Spring-Run Chinook Salmon must 
navigate the many channels and avoid direct sources of mortality (e.g., fishing and predation), but 
also must minimize exposure to sources of nonlethal stress (e.g., high temperatures) that can 
contribute to prespawn mortality in adult salmonids (Budy et al. 2002; Naughton et al. 2005; Cooke 
et al. 2006; NMFS 2009). Habitat degradation in the Delta caused by factors such as channelization 
and changes in water quality can present challenges for out-migrating juveniles. Additionally, out-
migrating juveniles are subjected to predation and entrainment in the project export facilities and 
smaller diversions (NMFS 2009). Further detail is provided later in this section.  

Spring-Run Chinook Salmon returning to spawn in the Sacramento River system enter the San 
Francisco Estuary from the ocean in January to late February and move through the Delta prior to 
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entering the Sacramento River. Several populations of Spring-Run Chinook Salmon occur in the 
Sacramento River basin, but historical populations that occurred in the San Joaquin River and 
tributaries have been extirpated. The Sacramento River channel is the main Spring-Run Chinook 
Salmon migration route through the Delta. However, adult Spring-Run Chinook Salmon may stray 
into the San Joaquin River side of the Delta in response to water from the Sacramento River basin 
flowing into the interconnecting waterways that join the San Joaquin River channel through the 
DCC, Georgiana Slough, and Threemile Slough. Closure of the DCC radial gates is intended to 
minimize straying, but some southward net flow still occurs naturally in Georgiana and Threemile 
sloughs.  

Juvenile Spring-Run Chinook Salmon show two distinct out-migration patterns in the Central Valley: 
out-migrating to the Delta and ocean during their first year of life as young-of-year, or holding over 
in their natal streams and out-migrating the following fall/winter as yearlings. Peak movement of 
juvenile Spring-Run Chinook Salmon in the Sacramento River at Knights Landing generally occurs 
in December, and again in March. However, juveniles also have been observed migrating from 
November to the end of May (Snider and Titus 1998, 2000b, 2000c, 2000d; Vincik et al. 2006; 
Roberts 2007).  

Young-of-year Spring-Run Chinook Salmon presence in the Delta peaks during April and May, as 
suggested by the recoveries of Chinook Salmon in the CVP and SWP salvage operations and the 
Chipps Island trawls of a size consistent with the predicted size of Spring-Run fish at that time of 
year. However, it is difficult to distinguish the young-of-year Spring-Run Chinook Salmon out-
migration from that of the Fall-Run due to the similarity in their spawning and emergence times and 
size. Together, these two runs generate an extended pulse of Chinook Salmon smolts out-migrating 
through the Delta throughout spring, frequently lasting into June. Spring-Run Chinook Salmon 
juveniles also overlap spatially with juvenile Winter-Run Chinook Salmon in the Delta (NMFS 
2009). Typically, juvenile Spring-Run Chinook Salmon are not found in the channels of the eastern 
side of the Delta or the mainstem of the San Joaquin River upstream of Columbia and Turner Cuts. 

O.2.10.1.3 Fall- /Late Fall–Run Chinook Salmon 

Central Valley Fall-Run and Late Fall–Run Chinook Salmon pass through the Delta as adults 
migrating upstream and juveniles out-migrating downstream. Adult Fall-Run and Late Fall–Run 
Chinook Salmon migrating through the Delta must navigate the many channels and avoid direct 
sources of mortality and minimize exposure to sources of nonlethal stress. Additionally, out-
migrating juveniles are subject to predation and entrainment in the project export facilities and 
smaller diversions.  

Adult Fall-Run Chinook Salmon migrate through the Delta and into Central Valley rivers from June 
through December. Adult Late Fall–Run Chinook Salmon migrate through the Delta and into the 
Sacramento River from October through April. Adult Central Valley Fall-Run and Late Fall–Run 
Chinook Salmon migrating into the Sacramento River and its tributaries primarily use the western 
and northern portions of the Delta, whereas adults entering the San Joaquin River system to spawn 
use the western, central, and southern Delta as a migration pathway.  

Most Fall-Run Chinook Salmon fry rear in fresh water from December through June, with out-
migration as smolts occurring primarily from January through June. In general, Fall-Run Chinook 
Salmon fry abundance in the Delta increases following high winter flows. Smolts that arrive in the 
estuary after rearing upstream migrate quickly through the Delta and Suisun and San Pablo Bays. A 
small number of juvenile Fall-Run Chinook Salmon spend over a year in fresh water and out-migrate 
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as yearling smolts the following November through April. Late Fall–Run fry rear in fresh water from 
April through the following April and out-migrate as smolts from October through February (Snider 
and Titus 2000b). Juvenile Chinook Salmon were found to spend about 40 days migrating through 
the Delta to the mouth of San Francisco Bay (MacFarlane and Norton 2002).  

Results of mark-recapture studies conducted using juvenile Chinook Salmon released into both the 
Sacramento and San Joaquin Rivers have shown high mortality during passage downstream through 
the rivers and Delta (Brandes and McLain 2001; Newman and Rice 2002; Buchanan et al. 2013). 
Juvenile salmon migrating from the San Joaquin River generally experience greater mortality than 
fish out-migrating from the Sacramento River. In years when spring flows are reduced and water 
temperatures are increased, mortality is typically higher in both rivers. Closing the DCC gates and 
installation of the Head of Old River Barrier to reduce the movement of juvenile salmon into the 
south Delta from the Sacramento and San Joaquin Rivers, respectively, may contribute to improved 
survival of out-migrating juvenile Chinook Salmon from these watersheds. 

Although not directly comparable to these previous CWT studies in the San Joaquin River, Buchanan 
et al. (2013, 2018) found that survival of acoustically tagged hatchery-origin (Feather River) juvenile 
Chinook Salmon was either not statistically different between routes (2009) or was higher through 
the south Delta via the Old River route than via the San Joaquin River (2010). Additionally, most fish 
in the Old River that survived to the end of the Delta had been salvaged from the federal water export 
facility on the Old River and trucked around the remainder of the Delta (Buchanan et al. 2013; 
SJRGA 2013; Buchanan and Skalski 2019). Buchanan et al. 2013 indicated that the differences in 
their results compared to past CWT studies may reflect that an alternative non-physical barrier was 
being used during their investigation to examine its ability to keep fish out of the Old River instead 
of the Head of Old River Barrier, which is a physical barrier that reduces not only the number of fish, 
but also the majority of flows, from entering the Old River. Nonphysical barriers may deprive smolts 
routed to the San Joaquin River of the increased flows needed for improved survival and may have 
created conditions  for increased predation at the site (Buchanan et al. 2013).  

Juvenile Fall-Run and Late Fall–Run Chinook Salmon migrating through the Delta toward the 
Pacific Ocean use the Delta, Suisun Marsh, and the Yolo Bypass for rearing to varying degrees, 
depending on their life stage (fry versus juvenile), size, river flows, and time of year. Movement of 
juvenile Chinook Salmon in the estuarine environment is driven by the interaction between tidally 
influenced saltwater intrusion through San Francisco Bay and freshwater outflow from the 
Sacramento and San Joaquin Rivers (Healey 1991).  

In the Delta, tidal and floodplain habitat areas provide important rearing habitat for foraging juvenile 
salmonids, including Fall-Run Chinook Salmon. Studies have shown that juvenile salmon may spend 
2 to 3 months rearing in these habitat areas, and losses resulting from land reclamation and levee 
construction are considered to be major stressors (Williams 2010). The channeled, leveed, and 
riprapped river reaches and sloughs common in the Delta typically have low habitat diversity and 
complexity, have low abundance of food organisms, and offer little protection from predation by fish 
and birds.  

O.2.10.1.4 Steelhead 

Upstream migration of Steelhead begins with estuarine entry from the ocean as early as July and 
continues through February or March in most years (McEwan and Jackson 1996; NMFS 2009). 
Populations of Steelhead occur primarily within the watersheds of the Sacramento River basin, 
although not exclusively. Steelhead can spawn more than once, with postspawn adults (typically 
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females) potentially moving back downstream through the Delta after completion of spawning in 
their natal streams.  

Upstream migrating adult Steelhead enter the Sacramento River and San Joaquin River basins 
through their respective mainstem river channels. Steelhead entering the Mokelumne River system 
(including dry Creek and the Cosumnes River) and the Calaveras River system to spawn are likely to 
move up the mainstem San Joaquin River channel before branching off into the channels of their 
natal rivers, although some may detour through the South Delta waterways and enter the San Joaquin 
River through the Head of Old River.  

Steelhead entering the San Joaquin River basin appear to have a later spawning run, with adults 
entering the system starting in late October through December, indicating that migration up through 
the Delta may begin a few weeks earlier. During fall, warm water temperatures in the south Delta 
waterways and water quality impairment because of low dissolved oxygen at Stockton have been 
suggested as potential barriers to upstream migration (NMFS 2009). Reduced water temperatures, as 
well as rainfall runoff and flood control release flows, provide the stimulus to adult Steelhead holding 
in the Delta to move upriver toward their spawning reaches in the San Joaquin River tributaries. 
Adult Steelhead may continue entering the San Joaquin River basin through winter.  

Juvenile Steelhead can be found in all waterways of the Delta, but particularly in the main channels 
leading from their natal river systems (NMFS 2009). Juvenile Steelhead are recovered in trawls from 
October through July at Chipps Island and at Mossdale. Chipps Island catch data indicate there is a 
difference in the out-migration timing between wild and hatchery-reared Steelhead smolts from the 
Sacramento and eastside tributaries. Hatchery fish are typically recovered at Chipps Island from 
January through March, with a peak in February and March corresponding to the schedule of 
hatchery releases of Steelhead smolts from the Central Valley hatcheries (Nobriga and Cadrett 2001; 
Reclamation 2008a). The timing of wild (unmarked) Steelhead out-migration is more spread out, and 
based on salvage records at the CVP and SWP fish collection facilities, out-migration occurs over 
approximately 6 months with the highest levels of recovery in February through June (Aasen 2011, 
2012). Steelhead are salvaged annually at the project export facilities (e.g., 4,631 fish were salvaged 
in 2010, and 1,648 in 2011) (Aasen 2011, 2012).  

Out-migrating Steelhead smolts enter the Delta primarily from the Sacramento or San Joaquin 
Rivers. Mokelumne River Steelhead smolts can either follow the north or south branches of the 
Mokelumne River through the central Delta before entering the San Joaquin River, although some 
fish may enter farther upstream if they diverge from the south branch of the Mokelumne River into 
Little Potato Slough. Calaveras River Steelhead smolts enter the San Joaquin River downstream of 
the Port of Stockton. Although Steelhead have been routinely documented by CDFW in trawls at 
Mossdale since 1988 (SJRGA 2011), it is unknown whether successful out-migration occurs outside 
the seasonal installation of the barrier at the Head of Old River (from April 15 to May 15 in most 
years). Prior to the installation of the Head of Old River barrier, Steelhead smolts exiting the San 
Joaquin River basin could follow one of two routes to the ocean, either staying in the mainstem San 
Joaquin River through the central Delta, or entering the Head of Old River and migrating through the 
south Delta and its associated network of channels and waterways.  

O.2.10.1.5 Green Sturgeon 

Green Sturgeon reach maturity around 14 to 16 years of age and can live to be 70 years old, returning 
to their natal rivers every 3 to 5 years for spawning (Van Eenennaam et al. 2005). Adult Green 
Sturgeon move through the Delta from February through April, arriving at holding and spawning 
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locations the upper Sacramento River from April to June (Heublein 2006; Kelly et al. 2007). 
Following their initial spawning run upriver, adults may hold for a few weeks to months in the upper 
river before moving back downstream in fall (Vogel 2008; Heublein et al. 2009), or they may migrate 
immediately back downstream through the Delta. Radio-tagged adult Green Sturgeon have been 
tracked moving downstream past Knights Landing during summer and fall, typically in association 
with pulses of flow in the river (Heublein et al. 2009), similar to behavior exhibited by adult Green 
Sturgeon on the Rogue River and Klamath River systems (Erickson et al. 2002; Benson et al. 2007).  

Similar to other estuaries along the west coast of North America, adult and subadult Green Sturgeon 
frequently congregate in the San Francisco Estuary during summer and fall (Lindley et al. 2008). 
Specifically, adults and subadults may reside for extended periods in the central Delta as well as in 
Suisun and San Pablo Bays, presumably for feeding, because bays and estuaries are preferred feeding 
habitat rich in benthic invertebrates (e.g., amphipods, bivalves, and insect larvae). In part because of 
their bottom-oriented feeding habits, Sturgeon are at risk of harmful accumulations of toxic 
pollutants in their tissues, especially pesticides such as pyrethroids and heavy metals such as 
selenium and mercury (Israel and Klimley 2008; Stewart et al. 2004).  

Juvenile Green Sturgeon and White Sturgeon are periodically (although rarely) collected from the 
lower San Joaquin River at south Delta water diversion facilities and other sites (NMFS 2009; Aasen 
2011, 2012). Green Sturgeon are salvaged from the south Delta Project diversion facilities and are 
generally juveniles greater than 10 months but less than 3 years old (Reclamation 2008a). NMFS 
suggested that the high percentage of San Joaquin River flows contributing to the TFCF could mean 
that some entrained Green Sturgeon originated in the San Joaquin River basin (70 FR 17386-17401). 
Jackson (2013) reported spawning by White Sturgeon in the San Joaquin River, and anglers have 
reported catching a few Green Sturgeon in recent years in the San Joaquin River (CDFG 2012b). 

After hatching, larvae and juveniles migrate downstream toward the Delta. Juveniles are believed to 
use the Delta for rearing for the first 1 to 3 years of their lives before moving out to the ocean and are 
likely to be found in the main channels of the Delta and the larger interconnecting sloughs and 
waterways, especially within the central Delta and Suisun Bay/Marsh. Project operations at the DCC 
have the potential to reroute Green Sturgeon as they out-migrate through the lower Sacramento River 
to the Delta (Israel and Klimley 2008; Vogel 2011). When the DCC is open, there is no passage delay 
for adults, but juveniles could be diverted from the Sacramento River into the interior Delta. This has 
been shown to reduce the survival of juvenile Chinook Salmon (Brandes and McLain 2001; Newman 
and Brandes 2010; Perry et al. 2012), but it is unknown whether it has similar effects on Green 
Sturgeon.  

O.2.10.1.6 White Sturgeon 

White Sturgeon are similar to Green Sturgeon in terms of their biology and life history. Like Green 
Sturgeon and other Sturgeon species, White Sturgeon are late-maturing and infrequent spawners, 
which makes them vulnerable to overexploitation and other sources of adult mortality. White 
Sturgeon are believed to be most abundant within the Bay-Delta region (Moyle 2002). Both 
nonspawning adults and juveniles can be found throughout the Delta year-round (Radtke 1966; 
Kohlhorst et al. 1991; Moyle 2002; DWR et al. 2013). When not undergoing spawning or ocean 
migrations, adults and subadults are usually most abundant in brackish portions of the Bay-Delta 
(Kohlhorst et al. 1991). The population status of White Sturgeon in the Delta is unclear, but it is not 
presently listed. Overall, information on trends in adults and juveniles suggests that numbers are 
declining (Moyle 2002; NMFS 2009).  



U.S. Bureau of Reclamation Aquatic Resources Technical Appendix 

 

O-80 

The Delta population of White Sturgeon spawns mainly in the Sacramento and Feather Rivers, with 
occasional spawning in the San Joaquin River (Moyle 2002; Jackson 2013). Spawning-stage adults 
generally move into the lower reaches of rivers during winter prior to spawning and migrate 
upstream in response to higher flows to spawn from February to early June (McCabe and Tracy 
1994; Schaffter 1997).  

After absorbing yolk sacs and initiating feeding, young-of-year White Sturgeon make an active 
downstream migration that disperses them widely to rearing habitat throughout the lower rivers and 
the Delta (McCabe and Tracy 1994). White Sturgeon larvae have been observed to be flushed farther 
downstream in the Delta and Suisun Bay in high outflow years, but are restricted to more interior 
locations in low outflow years (Stevens and Miller 1970). 

Salinity tolerance increases with increasing age and size (McEnroe and Cech 1985), allowing White 
Sturgeon to access a broader range of habitat in the San Francisco Estuary (Israel et al. 2008). During 
dry years, White Sturgeon have been observed following brackish waters farther upstream, while the 
opposite occurs in wet years (Kohlhorst et al. 1991). Adult White Sturgeon tend to concentrate in 
deeper areas and tidal channels with soft bottoms, especially during low tides, and typically move 
into intertidal or shallow subtidal areas to feed during high tides (Moyle 2002). These shallow water 
habitats provide opportunities for feeding on benthic organisms, such as opossum shrimp, 
amphipods, and even invasive overbite clams, and small fishes (Israel et al. 2008; Kogut 2008). 
White Sturgeon also have been found in tidal habitats of medium-sized tributary streams to the San 
Francisco Estuary, such as Coyote Creek and Guadalupe River in the south bay and Napa and 
Petaluma Rivers and Sonoma Creek in the north bay (Leidy 2007). 

Numerous factors likely affect the White Sturgeon population in the Delta, similar to those for Green 
Sturgeon. Survival during early life history stages may be adversely affected by insufficient flows, 
lack of rearing habitat, predation, warm water temperatures, decreased dissolved oxygen, chemical 
toxicants in the water, and entrainment at diversions (Cech et al. 1984; Israel et al. 2008). Historical 
habitats, including shallow intertidal feeding habitats, have been lost in the Delta because of 
channelization. Over-exploitation by recreational fishing and poaching also likely has been an 
important factor adversely affecting numbers of adult Sturgeon (Moyle 2002), although new 
regulations were implemented in 2007 by CDFW to reduce harvest. Like Green Sturgeon, there are 
substantial passage problems for White Sturgeon such as the Fremont Weir (Sommer et al. 2014). 

O.2.10.1.7 Delta Smelt 

Delta Smelt are endemic to the Delta and Suisun Marsh (Moyle et al. 1992; Bennett 2005). Declines 
in the Delta Smelt population led to their listing under the ESA as threatened in 1993 (USFWS 
2008). Delta Smelt are one of four pelagic fish species (including Longfin Smelt, Threadfin Shad, 
and juvenile Striped Bass) documented to be in decline based on fall midwater trawl abundance 
indices (Sommer et al. 2007a). The causes of the declines have been extensively studied and are 
thought to include a combination of factors, such as decreased habitat quantity and quality, increased 
mortality rates, and reduced food availability (Feyrer et al. 2007; Sommer et al. 2007a; Moyle and 
Bennett 2008; Baxter et al. 2010; Mac Nally et al. 2010; Maunder and Deriso 2011; Rose et al. 
2013a, 2013b; Sommer and Mejia 2013). Two statistical analyses that used similar data but different 
statistical methods (Mac Nally et al. 2010; Thomson et al. 2010), examined the dynamics of the four 
fish species. Both analyses identified several covariates that were related to abundance of the fish, 
but they could not resolve the cause of the recent declines. The analysis of model results and data for 
1995 to 2005 conducted by Rose et al. (2013a) indicated that it has been difficult to ascribe the Delta 
Smelt’s decline to a single cause, either over the long term or as part of the 2002 decline. 
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The status of the Delta Smelt population is uncertain, as indices of Delta Smelt abundance have 
continued to decline and the number of fish collected in sampling programs, such as the trawl 
surveys conducted by IEP, have dropped even lower in recent years. Figure O.2-6 presents the 
FMWT abundance indices for Delta Smelt from 1967 to 2018 (CDFW 2019a). No Delta Smelt were 
collected in this survey in 2018; the 2018 Delta Smelt index was 0, making it the lowest in FMWT 
history (CDFW 2019a). Results for Delta Smelt from other surveys (spring Kodiak trawl and summer 
townet survey) were also low in 2018, with the 20-mm survey index being unable to be calculated 
because of low catch (Tempel 2018).  

 

Figure O.2-6 Fall Midwater Trawl Abundance Indices for Delta Smelt from 1967 to 2018 

Source: CDFW 2019a. 

Studies conducted to synthesize available information about Delta Smelt indicate that Delta Smelt 
have been documented throughout their geographic range during much of the year (Merz et al. 2011; 
Sommer and Mejia 2013; Brown et al. 2014). Studies indicate that in fall, prior to spawning, Delta 
Smelt are found in the Delta, Suisun and San Pablo Bays, the Sacramento River and San Joaquin 
River confluence, Cache Slough, and the lower Sacramento River (Murphy and Hamilton 2013). By 
spring, they move to freshwater areas of the Delta region, including the Sacramento River and San 
Joaquin River confluence, the upper Sacramento River, and Cache Slough (Brown et al. 2014; 
Murphy and Hamilton 2013). There is also a freshwater resident life history type (Bush 2017), 
occurring primarily in the Cache Slough region year-round (Sommer et al. 2011).  

Sommer et al. (2011) described that during winter, adult Delta Smelt initiate upstream spawning 
migrations in association with “first flush” freshets. Others report this seasonal change as a multi-
directional and more circumscribed dispersal movement to freshwater areas throughout the Delta 
region (Murphy and Hamilton 2013). After arriving in freshwater staging habitats, adult Delta Smelt 
hold until spawning commences during favorable water temperatures in the late winter-spring 
(Bennett 2005; Grimaldo et al. 2009; Sommer et al. 2011). Delta Smelt spawn over a wide area 
throughout much of the Delta, including some areas downstream and upstream as conditions allow. 
Although the specific substrates or habitats used for spawning by Delta Smelt are not known, 
spawning habitat preferences of closely related species (Bennett 2005) suggest that spawning may 
occur in shallow areas over sandy substrates. The nonpelagic habitats used by larval Delta Smelt 
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before they move into the pelagic areas also are not known (Swanson et al. 1998; Sommer et al. 
2011).  

During and after larval rearing in fresh water, many young Delta Smelt move with river and tidal 
currents to remain in favorable rearing habitats, often moving increasingly into the low salinity zone 
to avoid seasonally warm and highly transparent waters that typify many areas in the central Delta 
(Nobriga et al. 2008). Bennett and Burau (2015) showed that during winter, Delta Smelt aggregate 
near frontal zones at the shoal-channel interface moving laterally into the shoals on ebb tides and 
back into the channel on flood tides. They suggest that this migration strategy can minimize the 
energy spent swimming against strong river and tidal currents, as well as predation risks by 
remaining in turbid water.  

During summer and fall, many juvenile Delta Smelt continue to grow and rear in the low salinity 
zone until maturing the following winter (Bennett 2005). Some Delta Smelt also rear in upstream 
areas such as the Cache Slough complex and Sacramento Deep Water Ship Channel, depending on 
habitat conditions (Sommer and Mejia 2013). 

During summer and fall, the distribution of juvenile Delta Smelt rearing is correlated with the 
position of the low salinity zone (as indexed by the position of X2), although their distribution can 
also be influenced by temperature and turbidity (Bennett 2005; Feyrer et al. 2007, 2010; Kimmerer 
et al. 2009; Sommer and Mejia 2013). The geographical position of the low salinity zone varies 
primarily as a function of freshwater outflow; thus, X2 typically lies farther east in summer and fall 
during low outflow conditions and drier water years and farther west during high outflow conditions 
(Jassby et al. 1995).  

Higher outflow causes X2 and the low salinity zone to more frequently overlap with the Suisun 
Bay/Marsh region, which is broader and shallower and typically has greater turbidity than the 
mainstem Sacramento and San Joaquin Rivers. The overlap of the low salinity zone (or X2) with the 
Suisun Bay/Marsh results in a dramatic increase in the habitat index (Feyrer et al. 2010); however 
others (e.g., Manly et al. 2015) have questioned the use by Feyrer et al. (2010) of outflow and X2 
location as an indicator of Delta Smelt habitat because other factors may be influencing survival.  

In addition to salinity, turbidity is an important factor associated with habitat use; Delta Smelt show a 
strong preference for higher turbidity water (Feyrer et al. 2007, 2010; Sommer and Mejia 2013) and 
turbidity may be a key habitat feature and cue initiating the Delta Smelt spawning migration (Bennett 
and Burau 2015). Turbidity has decreased in recent decades within the Delta (Kimmerer 2004; 
Schoellhamer 2011), which has likely contributed to declines in environmental quality of Delta Smelt 
habitat (Feyrer et al. 2007, 2010). Higher turbidities are believed to allow Delta Smelt to hide from 
open-water predators, such as Striped Bass (Gregory and Levings 1998; Nobriga et al. 2005), and 
contribute to feeding success (Lindberg et al. 2000; IEP MAST 2015).  

Water temperature is another important environmental factor that affects Delta Smelt habitat and 
population dynamics (Sommer and Mejia 2013). A longer period of optimal water temperatures in 
cooler years increases the number of spawning events and cohorts produced (Bennett 2005). During 
rearing, summer water temperatures also have been shown to be an important predictor of Delta 
Smelt occurrence, based on multi-decadal analyses of summer tow net survey data (Nobriga et al. 
2008).  

The quality and availability of food also have important effects on the abundance and distribution of 
Delta Smelt (Sommer and Mejia 2013; Kimmerer 2008). Delta Smelt feed primarily on zooplankton, 
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and Nobriga (2002) showed that Delta Smelt larvae with food in their guts typically co-occurred with 
higher calanoid copepod densities. Food quality and availability have varied substantially, largely 
because of the history of nonnative species introduction into the San Francisco Estuary (Baxter et al. 
2008; Winder and Jassby 2011). The decline of zooplankton in the western Delta has been 
hypothesized to be related to several factors, including increased ammonium concentrations from 
wastewater effluent and agricultural runoff (Wilkerson et al. 2006; Dugdale et al. 2007; Miller et al. 
2012; Glibert 2010; Glibert et al. 2011, 2014).  

In 2011 and 2012, an unanticipated change in water management operations led to relatively large 
phytoplankton blooms in the western Delta, including in the Sacramento River near Rio Vista. 
Historically, rice fields along the Colusa Basin Drain are flooded in fall to decompose the rice 
stubble, and the water is released through the Knights Landing outfall gates into the Sacramento 
River. In 2011 and 2012, construction at the outfall gates required the water to be diverted into the 
Yolo Bypass, resulting in higher than normal flows. These events temporarily resulted in a fall pulse 
flow in the Yolo Bypass that increased the volume of flow by more than 300% to 900% (Frantzich 
2014). Concurrently, a substantial increase in nutrients, phytoplankton, and zooplankton was 
observed in the Yolo Bypass and Cache Slough. In 2013, the fall pulse flow of rice drainage water 
did not occur in the Yolo Bypass, and nutrient concentrations did not increase. These nutrient inputs, 
when they occur, and corresponding increases in phytoplankton and zooplankton production, could 
contribute to improved foraging opportunities for Delta Smelt.  

Results in prior years indicate that entrainment and salvage-related mortality of Delta Smelt 
associated with water pumping and CVP/SWP exports from the Delta occur primarily from 
December to July (Kimmerer 2008; Grimaldo et al. 2009; Baxter et al. 2010). Entrainment occurs 
when migrating and spawning adult Delta Smelt and their larvae overlap in time and space with 
reverse (southward, or upstream) flows in the Old and Middle River channels (Kimmerer 2008; 
Grimaldo et al. 2009; Baxter et al. 2010).  

In January 2015, the IEP Management Analysis and Synthesis Team (MAST) published a report to 
provide an assessment and conceptual model of factors affecting Delta Smelt throughout its life 
cycle. One focus of the report was an evaluation of a notable increase in abundance of all Delta Smelt 
life stages in 2011, which indicated that the Delta Smelt population could potentially rebound when 
conditions are favorable for spawning, growth, and survival. 

The IEP MAST updated conceptual model described the habitat conditions and ecosystem drivers 
affecting each Delta Smelt life stage, across seasons and how the seasonal effects contributed to the 
annual success of the species. The conclusions of the report highlighted some key points about Delta 
Smelt and their habitat, using 2011 as the example year in relation other a prior wet year (2006) and 
two drier years (2005 and 2010). In summary, the report concluded that Delta Smelt likely benefitted 
from the following favorable habitat conditions in 2010:  

1. Adults and larvae benefitted from high winter 2010 and spring 2011 outflows, which reduced 
entrainment risk and possibly improved other habitat conditions, prolonged cool spring water 
temperatures, and possibly good food availability in late spring.  

2. Juvenile Delta Smelt benefitted from cool water temperatures in late spring and early summer as 
well as from relatively good food availability and low levels of harmful Microcystis.  

3. Subadults benefitted from good food availability and from favorable habitat conditions in the 
large low salinity zone, located more toward Suisun Bay in 2010. 
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O.2.10.1.8 Longfin Smelt  

Longfin Smelt populations occur along the Pacific Coast of North America, and the San Francisco 
Estuary represents the southernmost population. Longfin Smelt generally occur in the Delta; Suisun, 
San Pablo, and San Francisco Bays; and the Gulf of the Farallones, just outside San Francisco Bay. 
Actions that benefit Delta Smelt, salmonids, and sturgeon, including increasing Delta outflow, have 
the potential to benefit other fish, including Longfin Smelt, given their similar habitat requirements 
and trophic feeding levels.  

Longfin Smelt are anadromous and spawn in fresh or low-salinity water in the Bay-Delta (Grimaldo 
et al. 2017), generally at 2 years of age (Moyle 2002). They migrate upstream to spawn during late 
fall through winter, with most spawning from November through April (CDFG 2009a). Previous 
studies suggested that spawning in the Sacramento River occurs from just downstream of the 
confluence of the Sacramento and San Joaquin Rivers upstream to about Rio Vista and that spawning 
on the San Joaquin River extends from the confluence upstream to about Medford Island (Moyle 
2002); more recent studies suggest hatching and early rearing occurs in a much broader region and 
higher salinity (2–12 ppt) than previously recognized (Grimaldo et al. 2017). Spawning likely also 
occurs in Suisun Marsh and the Napa River (CDFG 2009a).  

Longfin Smelt larvae are most abundant in the water column usually from January through April 
(Reclamation 2008a). As previously noted, larval Longfin Smelt rear in low salinity to brackish water 
(2–12 ppt; Grimaldo et al. 2017). Larger Longfin Smelt feed primarily on opossum shrimps and other 
invertebrates (Feyrer et al. 2003). Copepods and other crustaceans also can be important food items, 
especially for smaller fish (Reclamation 2008a).  

Longfin Smelt in the San Francisco Estuary are broadly distributed in both time and space, and 
interannual distribution patterns are relatively consistent (Rosenfield and Baxter 2007). Seasonal 
patterns in abundance and occurrence in the nearshore ocean suggest that the population is at least 
partially anadromous (Rosenfield and Baxter 2007; Garwood 2017), and the detection of Longfin 
Smelt within the estuary throughout the year suggests that, similar to Striped Bass, anadromy is one 
of several life history strategies or contingents in this population.  

The relative population size of Longfin Smelt in the San Francisco Estuary is measured by indices of 
abundance generated from different sampling programs. The abundance of age 0 and older fish is 
best indexed by the Fall Midwater Trawl and Bay Study, while the abundance of larvae and young 
juveniles is best indexed by the 20-mm survey. The relationship between these indices and actual 
population sizes is unknown. Although the Fall Midwater Trawl data suggest a sharp decline in 
Longfin Smelt abundance during the last decade, some of that decline might be attributable to a 
downstream movement in the longfin distribution into regions better covered by the Bay Study fish 
survey. The Bay Study uses two types of trawls, an otter trawl and a midwater trawl. The Longfin 
Smelt abundance index created from the Fall Midwater Trawl is consistent with the trend in the Bay 
Study midwater trawl but not the Bay Study otter trawl. In addition, there have been an increasing 
proportion of false zeros in the survey data where the Bay Study midwater trawl failed to detect any 
Longfin Smelt when they were detected in the otter trawl.  

The abundance of Longfin Smelt in the estuary has fluctuated over time but has exhibited statistically 
significant step-declines around 1989 to 1991 and in 2004 (Thomson et al. 2010). A synthesis of 
prior studies conducted by USFWS in its 12-Month Finding on a Petition to List the San Francisco 
Bay-Delta Population of the Longfin Smelt as Endangered or Threatened (USFWS 2012) reported 
that increased Delta outflow in winter and spring is the largest factor possibly affecting Longfin 
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Smelt abundance. The trend in Longfin Smelt abundance from 1967 through 2013 is presented on 
Figure O.2-7. 

 

Figure O.2-7 Fall Midwater Trawl Abundance Indices for Longfin Smelt from 1967 to 2013 

Source: CDFW 2014c. 

Habitat for Longfin Smelt is open water, largely away from shorelines and vegetated inshore areas 
except perhaps during spawning (Grimaldo et al. 2017). This includes all of the large embayments in 
the estuary and the deeper areas of many of the larger channels in the western Delta; habitat 
suitability in these areas for Longfin Smelt can be strongly influenced by variation in freshwater flow 
(Jassby et al. 1995; Bennett and Moyle 1996; Kimmerer 2004; Kimmerer et al. 2009). 

Water exports and inadvertent entrainment at the SWP and CVP export facilities are anthropogenic 
sources of mortality for Longfin Smelt. The export facilities are known to entrain most species of fish 
in the Delta (Brown et al. 1996). Longfin Smelt entrainment mainly occurs from December to May, 
with peak adult entrainment from December to February (Grimaldo et al. 2009). In water year 2011, 
Aasen (2012) reported four adult Longfin Smelt were salvaged at the project export facilities, 
compared with much higher numbers in the early 2000s and late 1980s. The entrainment of Longfin 
Smelt in recent years has been reduced likely because of changes in export operations and a decline 
in abundance. 

O.2.10.1.9 Sacramento Splittail 

Sacramento Splittail are found primarily in marshes, turbid sloughs, and slow-moving river reaches 
throughout the Delta subregion (Sommer et al. 1997, 2008). Sacramento Splittail are most abundant 
in moderately shallow, brackish tidal sloughs and adjacent open-water areas, but they also can be 
found in freshwater areas with tidal or riverine flow (Moyle et al. 2004).  

Adult Sacramento Splittail typically migrate upstream from brackish areas in January and February 
and spawn in fresh water, particularly on inundated floodplains when they are available, in March 
and April (Sommer et al. 1997; Moyle et al. 2004; Sommer et al. 2008). A substantial amount of 
splittail spawning occurs in the Yolo and Sutter Bypasses and the Cosumnes River area of the Delta 
(Moyle et al. 2004). Spawning also can occur in the San Joaquin River during high-flow events 
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(Sommer et al. 1997, 2008). However, not all adults migrate significant distances to spawn, as 
evidenced by spawning in the Napa and Petaluma Rivers (Feyrer et al. 2005).  

Although juvenile Sacramento Splittail are known to rear in upstream areas for a year or more 
(Baxter 1999), most move to the Delta after only a few weeks or months of rearing in floodplain 
habitats along the rivers (Feyrer et al. 2006). Juveniles move downstream into the Delta from April to 
August (Meng and Moyle 1995; Feyrer et al. 2005). Sacramento Splittail recruitment is largely 
limited by extent and period of inundation of floodplain spawning habitats, with abundance observed 
to spike following wet years and dip after dry years (Moyle et al. 2004). However, the 5- to 7-year 
life span buffers the adult population abundance (Sommer et al. 1997; Moyle et al. 2004). Other 
factors that may adversely affect the Sacramento Splittail population in the Delta include 
entrainment, predation, changed estuarine hydraulics, nonnative species (Moyle et al. 2004), 
pollutants (Greenfield et al. 2008), and limited food.  

O.2.10.1.10 American Shad 

American Shad is a recreationally important anadromous species introduced into the Sacramento–
San Joaquin River basin in the 1870s (Moyle 2002). American Shad spend most of their adult life at 
sea and may make extensive migrations along the coast. American Shad become sexually mature 
while in the ocean and migrate through the Delta to spawning areas in the Sacramento, Feather, 
American, and Yuba Rivers. Some spawning also takes place in the lower San Joaquin, Mokelumne, 
and Stanislaus Rivers (USFWS 1995). The spawning migration may begin as early as February, but 
most adults migrate into the Delta in March and early April (Skinner 1962). Migrating adults 
generally take 2 to 3 months to pass through the Sacramento–San Joaquin estuary (Painter et al. 
1979). 

Fertilized eggs are slightly negatively buoyant, are not adhesive, and drift in the current. Newly 
hatched larvae are found downstream of spawning areas and can be rapidly transported downstream 
by river currents because of their small size. Juvenile American Shad rear in the Sacramento River 
below Knights Landing, the Feather River below Yuba City, and the Delta; rearing also takes place in 
the Mokelumne River near the DCC to the San Joaquin River. No rearing occurs in the American and 
Yuba Rivers (Painter et al. 1979). Some juvenile American Shad may rear in the Delta for up to a 
year before out-migrating to the ocean (USFWS 1995). Out-migration from the Delta begins in late 
June and continues through November (Painter et al. 1979).  

Juvenile American Shad are frequently encountered in the Delta during the FMWT Survey and in 
fish salvage monitoring at the south Delta SWP and CVP fish facilities (DWR et al. 2013). American 
Shad use of the Delta has been observed to vary with salinity (e.g., X2 position) and outflows 
(Kimmerer 2002a). 

American Shad are entrained at the TFCF (Bowen et al. 1998) and in the Clifton Court Forebay, 
mostly during May through December when young American Shad migrate downstream. The 
American Shad population in the Sacramento–San Joaquin River basin has declined since the late 
1970s, most likely because of increased diversion of water from rivers and the Delta, combined with 
changing ocean conditions, and possibly pesticides (Moyle 2002). Salvage of American Shad at 
project export facilities in water year 2011 represented nearly 659,000 fish (Aasen 2012), with 
similar but slightly lower salvage in 2010 (545,125 fish) (Aasen 2011). 
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O.2.10.1.11 Striped Bass 

Striped Bass is a recreationally important anadromous species introduced into the Sacramento–San 
Joaquin River basin between 1879 and 1882 (Moyle 2002). Despite their nonnative status and 
piscivorous feeding habits, Striped Bass are considered important because they are a major game fish 
in the Delta. Striped Bass use the Delta as a migratory route and for rearing and seasonal foraging. 
Striped Bass spend the majority of their lives in salt water, returning to fresh water to spawn. When 
not migrating for spawning, adult Striped Bass in the Bay-Delta are found in San Pablo Bay, San 
Francisco Bay, and the Pacific Ocean (Moyle 2002). Adult Striped Bass spend about 6 to 9 months of 
the year in San Francisco and San Pablo Bays (Hassler 1988). Striped Bass also use deeper areas of 
many of the larger channels in the Delta, in addition to large embayments such as Suisun Bay.  

Spawning occurs in spring, primarily in the Sacramento River between Sacramento and Colusa and 
in the San Joaquin River between Antioch and Venice Island (Farley 1966). Eggs are free-floating 
and negatively buoyant and hatch as they drift downstream, with larvae occurring in shallow and 
open waters of the lower reaches of the Sacramento and San Joaquin Rivers, the Delta, Suisun Bay, 
Montezuma Slough, and Carquinez Strait. According to Hassler (1988), the distribution of larvae in 
the estuary depends on river flow. In low-flow years, all Striped Bass eggs and larvae are found in 
the Delta, while in high-flow years, the majority of eggs and larvae are transported downstream into 
Suisun Bay.  

Young-of-year Striped Bass distribute themselves in accordance with the estuarine salinity gradient 
(Kimmerer 2002a; Feyrer et al. 2007), indicating that salinity is a major factor affecting their habitat 
use and geographic distributions. Kimmerer (2002) found that distributions of fish species, including 
Striped Bass, substantially overlapped with the low salinity zone. Older Striped Bass are increasingly 
flexible about their distribution relative to salinity (Moyle 2002). 

The entrainment of Striped Bass has been observed at the project export facilities, including Clifton 
Court Forebay (Stevens et al. 1985; Bowen et al. 1998; Aasen 2012). In water year 2011, salvage of 
Striped Bass at export facilities (approximately 550,000 fish) continued a generally low trend 
observed since the mid-1990s. Prior to 1995, annual Striped Bass salvage was generally above 
1 million fish (Aasen 2012). DWR et al. (2013) reported that Striped Bass longer than 24 mm were 
effectively screened at TFCF and bypassed the pumps. However, planktonic eggs, larvae, and 
juveniles smaller than 24 mm in length received no protection from entrainment.  

Striped Bass, primarily young-of-year, are one of the pelagic fish of the upper estuary that have 
shown substantial variability in their populations, with evidence of long-term declines (Kimmerer 
et al. 2000; Sommer et al. 2007a). As discussed earlier for Delta Smelt, a substantial portion of the 
abundance patterns has been associated with variation of outflow in the estuary (Jassby et al. 1995; 
Kimmerer et al. 2001; Loboschefsky et al. 2012), although this is disputed by some stakeholders 
(Bourez 2011). However, surveys showed that population levels for young-of-year Striped Bass 
began to decline sharply around 1987 and 2002 (Thomson et al. 2010), despite relatively moderate 
hydrology, which typically supports at least modest fish production (Sommer et al. 2007a). Moyle 
(2002) cites causes of decline in Striped Bass to include climatic factors, entrainment at project 
export facilities in the south Delta, other diversions, pollutants, reduced estuarine productivity, 
invasions by alien species, and human exploitation. Kimmerer et al. (2000, 2001) attribute the decline 
in juvenile young-of-year Striped Bass to declining carrying capacity, likely related to food 
limitation. Loboschefsky et al. (2012) showed that there had been no long-term decline for age 1 and 
older Striped Bass as of 2004.  
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O.2.10.1.12 Pacific Lamprey 

The Pacific Lamprey is a widely distributed species that uses the Delta for upstream migration as 
adults, for downstream migration as juveniles, and for rearing as ammocoetes (Hanni et al. 2006; 
Moyle et al. 2009). Pacific Lampreys are present in the north, central, and south Delta, and 
ammocoetes are present year-round in all of the regions (DWR et al. 2013). Limited information on 
status of Pacific Lamprey in the Delta exists, but the number of lampreys inhabiting the Delta is 
likely greatly suppressed compared with historical levels, as suggested by the loss of access to 
historical habitat and apparent population declines throughout California and the Sacramento–San 
Joaquin River basin (Moyle et al. 2009).  

Limited data indicate most adult Pacific Lamprey migrate though the Delta enroute to upstream 
holding and spawning grounds in the early spring through early summer (Hanni et al. 2006). As 
documented in other large river systems, it is likely that some adult migration through the Delta 
occurs from late fall and winter through summer and possibly over an even broader period (Robinson 
and Bayer 2005; Hanni et al. 2006; Moyle et al. 2009; Clemens et al. 2012; Lampman 2011). Data 
from the FMWT Survey in the lower Sacramento and San Joaquin Rivers and Suisun Bay suggest 
that peak out-migration of Pacific Lamprey through the Delta coincides with high-flow events from 
fall through spring (Hanni et al. 2006). Some out-migration likely occurs year-round, as observed at 
sites farther upstream (Hanni et al. 2006) and in other river systems (Moyle 2002). Some Pacific 
Lamprey ammocoetes likely spend part of their extended (5 to 7 years) freshwater residence rearing 
in the Delta, particularly in the upstream, freshwater portions (DWR et al. 2013).  

O.2.10.2 Aquatic Habitat 

Flow management in the Delta has created stress on aquatic resources by (1) changing aspects of the 
historical flow regime (timing, magnitude, duration) that supported life history traits of native 
species; (2) limiting access to or quality of habitat; (3) contributing to conditions better suited to 
invasive, nonnative species (reduced spring flows, increased summer inflows and exports, and low 
and less-variable interior Delta salinity [Moyle and Bennett 2008]); and (4) causing reverse flows in 
channels leading to project export facilities that can entrain fish (Mount et al. 2012). Native species 
of the Delta are adapted to and depend on variable flow conditions at multiple scales as influenced by 
the region’s dramatic seasonal and interannual climatic variation. In particular, most native fishes 
evolved reproductive or out-migration timing associated with historical peak flows during spring 
(Moyle 2002).  

Water temperatures in the Delta follow a seasonal pattern of winter cold water conditions and 
summer warm water conditions, largely because of the region’s Mediterranean climate, with 
alternating cool-wet and hot-dry seasons. Currently in the Delta, the most significant changes in 
water temperatures have been in the form of increased summer water temperatures over large areas 
of the Delta because of high summer ambient air temperatures, the increased temperature of river 
inflows, and to a lesser extent, reduced quantities of freshwater inflow and modified tidal and 
groundwater hydraulics (Kimmerer 2004; Mount et al. 2012; NRC 2012; Wagner et al. 2011). Water 
temperatures in summer now approach or exceed the upper thermal tolerances (e.g., 20ºC to 25°C) 
for cold water fish species such as salmonids and Delta-dependent species such as Delta Smelt. This 
is especially true in parts of the south Delta and San Joaquin River, potentially restricting the 
distribution of these species and precluding previously important rearing areas (NRC 2012).  

Landscape-scale changes resulting from flood management infrastructure, along with flow 
modification, have eliminated most of the historical hydrologic connectivity of floodplains and 
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aquatic ecosystems in the Delta and its tributaries, thereby degrading and diminishing Delta habitat 
for native plant and animal communities (Mount et al. 2012). The large reduction of hydrologic 
variability and landscape complexity, coupled with degradation of water quality, has supported 
invasive aquatic species that have further degraded conditions for native species. Due to the 
combination of these factors, the Delta appears to have undergone an ecological regime shift 
unfavorable to many native species (Moyle and Bennett 2008; Baxter et al. 2010). The major species 
abundances correlated with current Delta hydrology include Delta Smelt, Longfin Smelt, Sacramento 
Splittail, White Sturgeon, juvenile Chinook Salmon, and Striped Bass (Jassby et al. 1995; Kimmerer 
2002a; Rosenfield and Baxter 2007; Kimmerer et al. 2009; Fish 2010; Perry et al. 2012; Thomson 
et al. 2010; Feyrer et al. 2010; Loboschefsky et al. 2012; Mount et al. 2012).  

Salinity is a critical factor influencing plant and animal communities in the Delta. Although estuarine 
fish species are generally tolerant of a range of salinity, this varies by species and life stage. Some 
species can be highly sensitive to excessively low or high salinity during physiologically vulnerable 
periods, such as reproductive and early life history stages. Although the Delta is tidally influenced, 
most of the Delta is fresh water year-round, due to inflows from rivers. The south Delta can have low 
salinity because of agricultural return water. The tidally influenced low salinity zone can move 
upstream into the central Delta.  

An important measure of the spatial geography of salinity in the western Delta is X2. The X2 has 
also been correlated with the amount of suitable habitat for Delta Smelt in fall (Feyrer et al. 2007, 
2010; USFWS 2008). It also helps define the extent of habitat available for oligohaline pelagic 
organisms and their prey. An analysis of historical monitoring data by Feyrer et al. (2007) revealed 
that the abiotic habitat of Delta Smelt can be defined as a specific envelope of salinity and turbidity 
that changes over the course of the species’ life cycle. Project operations and other potential factors 
(e.g., lower outflows) have tended to shift the X2 position in fall farther upstream out of the wide 
expanse of Suisun Bay into the much narrower channels near the confluence of the Sacramento and 
San Joaquin Rivers (near Collinsville), reducing the spatial extent of low salinity habitat important 
for relevant species such as Delta Smelt (USFWS 2008, 2011a; Kimmerer et al. 2009; Baxter et al. 
2010). However, there is emerging information suggesting that a comparison of the Delta outflow 
during pre-project and post-project time periods do not support the conclusion that project operations 
have significantly moved X2 more easterly in September and October compared to pre-project 
conditions and project operations have only potentially affected X2 location in November (Hutton 
et al. 2015). 

O.2.10.2.1 Nutrients and Food Web Support 

Nutrients are essential components of terrestrial and aquatic environments because they provide a 
resource base for primary producers. Typically, in freshwater aquatic environments, phosphorous is 
the primary limiting macronutrient, whereas in marine aquatic environments, nitrogen tends to be 
limiting. A balanced range of abundant nutrients provides optimal conditions for maximum primary 
production, a robust food web, and productive fish populations. However, changes in nutrient 
loadings and forms, excessive amounts of nutrients, and altered nutrient ratios can lead to 
eutrophication and a suite of problems in aquatic ecosystems, such as low dissolved oxygen 
concentrations, un-ionized ammonia, excessive growth of toxic forms of cyanobacteria, and changes 
in components of the food web. Nutrient concentrations in the Delta have been well studied (Jassby 
et al. 2002; Kimmerer 2004; Van Nieuwenhuyse 2007; Glibert 2010; Glibert et al. 2011, 2014).  

Estuaries are commonly characterized as highly productive nursery areas for numerous aquatic 
organisms. Nixon (1988) noted that there is a broad continuum of primary productivity levels in 
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different estuaries, which in turn affects fish production and abundance. Compared to other estuaries, 
pelagic primary productivity in the upper San Francisco Estuary is relatively poor, and a relatively 
low fish yield is expected (Wilkerson et al. 2006). In the Delta and Suisun Marsh, this appears to 
result from turbidity, clam grazing (Jassby et al. 2002), and nitrogen and phosphorus dynamics 
(Wilkerson et al. 2006; Van Nieuwenhuyse 2007; Glibert 2010; Glibert et al. 2014).  

There has been a significant long-term decline in phytoplankton biomass (chlorophyll a) and primary 
productivity to low levels in the Suisun Bay region and the Delta (Jassby et al. 2002). Shifts in 
nutrient concentrations such as high levels of ammonium and nitrogen to phosphorus ratio may 
contribute to the phytoplankton reduction and to changes in algal species composition in the San 
Francisco Estuary (Wilkerson et al. 2006; Dugdale et al. 2007; Lehman et al. 2005, 2008b, 2010; 
Glibert 2010; Glibert et al. 2014). Low and declining primary productivity in the estuary may be 
contributing to the long-term pattern of relatively low and declining biomass of pelagic fishes (Jassby 
et al. 2002).  

The introductions of two clams from Asia have led to major alterations in the food web in the Delta. 
Potamocorbula is most abundant in the brackish and saline water of Suisun Bay and the western 
Delta, and Corbicula is most abundant in the fresh water of the central Delta. These filter feeders 
significantly reduce the phytoplankton and zooplankton concentrations in the water column, reducing 
food availability for native fishes, such as Delta Smelt and young Chinook Salmon (Feyrer et al. 
2007; Kimmerer 2002b).  

Additionally, introduction of the clams led to the decline of native copepods of higher food quality 
and the establishment of poorer quality nonnative copepods. More recently, the cyclopoid copepod, 
Limnoithona, has rapidly become the most abundant copepod in the Delta since its introduction in 
1993 (Hennessy and Enderlein 2013). This species is hypothesized to be a low‐quality food source 
and intraguild predator of native and nonnative calanoid copepods (CRA 2005). The clam 
Potamocorbula also has been implicated in the reduction of the native opossum shrimp, a preferred 
food of Delta native fishes such as Sacramento Splittail and Longfin Smelt (Feyrer et al. 2003). 
Reductions in food availability and food quality have led to lower fish foraging efficiency and 
reduced growth rates (Moyle 2002). 

Studies on food quality have been relatively limited in the San Francisco Estuary, with even less 
information on long-term trends. Nonetheless, several studies have documented or suggested the food 
limitations for aquatic species in the estuary, including zooplankton (Mueller-Solger et al. 2002; 
Kimmerer et al. 2005), Delta Smelt (Bennett 2005; Bennett et al. 2008), Chinook Salmon (Sommer 
et al. 2001b), Sacramento Splittail (Greenfield et al. 2008), Striped Bass (Loboschefsky et al. 2012), 
and Largemouth Bass (Nobriga 2009).  

O.2.10.2.2 Turbidity 

Turbidity is an important water quality component in the Delta that affects physical habitat through 
sedimentation and food web dynamics by means of attenuation of light in the water column. Light 
attenuation, in turn, affects the extent of the photic zone where primary production can occur and the 
ability of predators to locate prey and for prey to escape predation.  

Turbidity has been declining in the Delta, as indicated by sediment data collected by the U.S. 
Geological Survey (USGS) since the 1950s (Wright and Schoellhamer 2004), with important 
implications for food web dynamics and predation. Higher water clarity is at least partially caused by 
increased water filtration and plankton grazing by highly abundant overbite clams (Potamocorbula 
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amurensis) and other benthic organisms (Kimmerer 2004; Greene et al. 2011). High nutrient loads, 
coupled with reduced sediment loads and higher water clarity, could contribute to plankton and algal 
blooms and overall increased eutrophic conditions in some areas (Kimmerer 2004). 

The first high-flow events of winter create turbid conditions in the Delta, which can be drawn into the 
south Delta during reverse flow conditions in the Old and Middle Rivers. Delta Smelt may follow 
turbid waters into the southern Delta, increasing their proximity to project export facilities and, 
therefore, their entrainment risk (USFWS 2008).  

O.2.10.2.3 Contaminants 

Contaminants can change ecosystem functions and productivity through numerous pathways. Trends 
in contaminant loadings and their ecosystem effects are not well understood. Efforts are underway to 
evaluate direct and indirect toxic effects on the POD fishes of manmade contaminants and natural 
toxins associated with blooms of Microcystis aeruginosa, a cyanobacterium or blue-green alga that 
releases a potent toxin known as microcystin. Toxic microcystins cause food web impacts at multiple 
trophic levels, and histopathological studies of fish liver tissue suggest that fish exposed to elevated 
concentrations of microcystins have developed liver damage and tumors (Deng et al. 2010; Acuña et 
al. 2012; Lehman et al. 2010). 

There are longstanding concerns related to mercury and selenium in the Sacramento and San Joaquin 
watersheds, the Delta, and San Francisco Bay (see Appendix G, Water Quality Technical Appendix, 
for additional detail on these constituents). Additional study is needed to avoid increases in mercury 
exposure resulting from tidal wetlands restoration; methylmercury is produced at a relatively high 
rate in wetlands and newly flooded aquatic habitats (Davis et al. 2003). Methylmercury increases in 
concentration at each level in the food chain and can cause concern for people and birds that eat 
piscivorous fish (bass) and Sturgeon. It has not been shown to be a direct problem for fish in the 
Delta, but studies of other fish summarized by Alpers et al. (2008) indicate that mercury in fish has 
been linked to hormonal and reproductive effects, liver necrosis, and altered behavior in fish. With 
regard to selenium, benthic foragers like diving ducks, Sturgeon, and Sacramento Splittail have the 
greatest risk of selenium toxicity; the invasion of the nonnative bivalves (e.g., P. amurensis) has 
resulted in increased bioavailability of selenium to benthivores in San Francisco Bay (Linville et al. 
2002). 

Baxter et al. (2008) prepared a 2007 synthesis of results as part of a POD Progress Report, including 
a summary of prior studies of contaminants in the Delta. The summary included studies that 
suggested that phytoplankton growth rates may be inhibited by localized high concentrations of 
herbicides (Edmunds et al. 1999). Toxicity to invertebrates has been noted in water and sediments 
from the Delta and associated watersheds (Kuivila and Foe 1995; Weston et al. 2004). The 2004 
Weston study of sediment toxicity recommended additional study of the effects of the pyrethroid 
insecticides on benthic organisms. Undiluted drainwater from agricultural drains in the San Joaquin 
River watershed can be acutely toxic (quickly lethal) to fish (Chinook Salmon and Striped Bass) and 
have chronic effects on growth, likely because of high concentrations of major ions (e.g., sodium and 
sulfates) and trace elements (e.g., chromium, mercury, and selenium) (Saiki et al. 1992).  

O.2.10.2.4 Fish Passage and Entrainment 

The Delta presents a challenge for anadromous and resident fish during upstream and downstream 
migration, with its complex network of channels, low eastern and southern tributary inflows, and 
reverse currents created by pumping for water exports. These complex conditions can lead to 
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straying, extended exposure to predators, and entrainment during out-migration. Tidal elevations, 
salinity, turbidity, in-flow, meteorological conditions, season, habitat conditions, and project exports 
all have the potential to influence fish movement, currents, and ultimately the level of entrainment 
and fish passage success and survival, which is the subject of extensive research and adaptive 
management efforts (IRP 2010, 2011). Michel et al. (Michel 2010; Michel et al. 2015) used acoustic 
telemetry to examine survival of Late Fall–Run Chinook Salmon smolts out-migrating from the 
Sacramento River through the Delta and San Francisco Estuary. Survival was lowest in the 
freshwater portion (Delta) and the brackish portion of the estuary relative to survival in the riverine 
portion of the migration route. 

North Delta Fish Passage and Entrainment 

In the north Delta, migrating fish have multiple potential pathways as they move upstream into the 
Sacramento or Mokelumne river systems. Marston et al. (2012) studied stray rates for in-migrating 
San Joaquin River basin adult salmon that stray into the Sacramento River basin. Results indicated 
that it was unclear whether reduced San Joaquin River pulse flows or elevated exports caused 
increased stray rates. The DCC, when open, can divert fish as they out-migrate along this route. The 
opening of the DCC when salmon are returning to spawn to the Mokelumne and Cosumnes Rivers is 
believed to lead to increased straying of these fish into the American and Sacramento Rivers because 
of confusion over olfactory cues. Experimental DCC closures have been scheduled during the Fall-
Run Chinook Salmon migration season for selected days, coupled with pulsed flow releases from 
reservoirs on the Mokelumne River, in an attempt to reduce straying rates of returning adults. These 
closures have corresponded with reduced recoveries of Mokelumne River hatchery fish in the 
American River system and increased returns to the Mokelumne River hatchery (EBMUD 2012).  

Out-migrating juvenile fish moving down the mainstem Sacramento River also can enter the DCC 
when the gates are open and travel through the Delta via the Mokelumne and San Joaquin River 
channels. In the case of juvenile salmonids, this shifted route from the north Delta to the central Delta 
increases their mortality rate (Kjelson and Brandes 1989; Brandes and McLain 2001; Newman and 
Brandes 2010; Perry et al. 2010, 2012, 2013). Steel et al. (2012) found that the best predictor of 
which route was selected was the ratio of mean water velocity between the two routes. Salmon 
migration studies show losses of approximately 65% for groups of out-migrating fish that are 
diverted from the mainstem Sacramento River into the waterways of the central and southern Delta 
(Brandes and McLain 2001; Vogel 2004, 2008; Perry and Skalski 2008). Perry and Skalski (2008) 
found that, by closing the DCC gates, total through-Delta survival of marked fish to Chipps Island 
increased by nearly 50% for fish moving downstream in the Sacramento River system. Closing the 
DCC gates appears to redirect the migratory path of out-migrating fish into Sutter and Steamboat 
sloughs and away from Georgiana Slough, resulting in higher survival rates. Species that may be 
affected include juvenile Green Sturgeon, Steelhead, and Winter-Run and Spring-Run Chinook 
Salmon (NMFS 2009).  

However, analysis by Perry et al. (2015) and Perry et al. (2018) suggest mechanisms governing route 
selection are more complex. Their analysis revealed the strong influence of tidal forcing on the 
probability of fish entrainment into the interior Delta. The probability of entrainment into both 
Georgiana Slough and the DCC was highest during reverse-flow flood tides, and the probability of 
fish remaining in the Sacramento River was near zero during flow reversals (Perry et al. 2015). The 
magnitude and duration of reverse flows at this river junction decrease as inflow of the Sacramento 
River increases. Consequently, reduced Sacramento River inflow increases the frequency of reverse 
flows at this junction, thereby increasing the proportion of fish that are entrained into the interior 
Delta, where mortality is high (Perry 2010).  
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Fish passage in the north Delta also can be affected by water quality. Water quality in the mainstem 
Sacramento River and its distributary sloughs can be poor at times during summer, creating 
conditions that may stress migrating fish or even impede migration. These conditions include 
dissolved oxygen, water temperatures, and, for some species, salinity (e.g., Delta Smelt). For adult 
Chinook Salmon, dissolved oxygen concentration less than 3 to 5 mg/L can impede migration 
(Hallock et al. 1970), as can mean daily water temperatures of 70°F to 73°F depending on whether 
water temperatures are rising or falling (Strange 2010). Dissolved oxygen levels are generally 
>5 mg/L throughout the Delta, but water temperatures can exceed these thresholds during summer 
and fall.  

The SWP Barker Slough Pumping Plant, located on a tributary to Cache Slough, may cause larval 
fish entrainment. The intake is equipped with a positive barrier fish screen to prevent fish at least 25 
mm in size from being entrained. CDFW has monitored entrainment of larval Delta Smelt less than 
20 mm at Barker Slough since 1995. When the presence of Delta Smelt larvae is indicated, pumping 
rates from Barker Slough are reduced to a 5-day running average rate of 65 cfs, not to exceed a 75-
cfs daily average for any day, for a minimum of 5 days and until monitoring shows no Delta Smelt 
are present.  

Central and South Delta Fish Passage and Entrainment 

Diversion facilities in the south Delta include the CVP and SWP export facilities; local agency 
intakes, including Contra Costa Water District (CCWD) intakes; and agricultural intakes. CCWD 
intakes, including the CVP Contra Costa Canal Rock Slough Intake, have fish screens; however, 
most of the remaining intakes do not include fish screens. Water flow patterns in the south Delta are 
influenced by the water diversion actions and operations of the south Delta seasonal temporary 
barriers and tides and river inflows to the Delta (Kimmerer and Nobriga 2008). Delta diversions can 
create tidally averaged reverse flows, drawing fish toward project facilities if they are within the 
footprint of altered hydrology (Arthur et al. 1996; Kimmerer 2008; Grimaldo et al. 2009); though 
recent investigations have determined that altered channel velocities and flow direction are more 
likely to influence juvenile salmonids than tidally averaged net flow conditions (Anderson et al. 
2012;, Monismith et al. 2014; SST 2017) While swimming through southern Delta channels, fish can 
be subjected to stress from poor water quality (seasonally high temperatures, low dissolved oxygen, 
high water transparency, and Microcystis blooms) and slow water velocities in lake-like habitats. 
Any of these factors can cause elevated mortality rates by weakening or disorienting the fish and 
increasing their vulnerability to predators (Vogel 2011). Analyses have identified regions of 
mortality hot spots for juvenile salmon in the South and Central Delta (SST 2017; Grossman 2016) 
which may relate to one or more of these mechanisms.  

Cunningham et al. (2015) conducted a statistical analysis of adult Chinook spawning escapement 
from 1967 to 2010 and found a negative correlation of the export/inflow ratio on the survival of Fall-
Run Chinook Salmon populations and a negative correlation of increased total Delta exports on the 
survival of Spring-Run Chinook populations. According to the Cunningham et al. results, an increase 
in total exports of 1 standard deviation from the 1967 to 2010 average was predicted to result in a 
68.1% reduction in the survival of Deer, Mill, and Butte Creek Spring-Run Chinook Salmon. 
Similarly, an increase in the ratio of Delta water exports to Delta inflow of 1 standard deviation was 
expected to reduce survival of the four Fall-Run populations by 57.8% (Cunningham et al. 2015). 
However, these results are based on correlations between indices of export operations and spawning 
escapement observed over more than 40 years, and thus may reflect changes through time in factors 
not included in the statistical analysis. The magnitude of export effects predicted by Cunningham et 
al. (2015) are inconsistent with direct empirical evaluations of Delta juvenile salmon survival relative 
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to export rates that have shown smaller magnitude and more uncertain effects (Newman 2003; 
Newman and Brandes 2010; Newman 2008; Zeug and Cavallo 2012; SST 2017). Although a 
mechanistic explanation for the large predicted export-survival effect remains elusive, Cunningham 
et al. (2015) state, “direct entrainment mortality seems an unlikely mechanism given the success of 
reclamation and transport procedures, even given increased predation potential at the release site. 
Changes to water routing may provide a more reasonable explanation for the estimated survival 
influence of Delta water exports”. However, hydrodynamic analysis suggest exports have minimal 
potential to influence routing at junctions of the North and Central Delta (Cavallo et al. 2015) and are 
therefore unlikely to provide a plausible mechanism for the effect.  

Delaney et al. (2014) reported on a mark-recapture experiment examining the survival and movement 
patterns of acoustically tagged juvenile Steelhead emigrating through the central and southern Delta. 
Their results indicated that most tagged Steelhead remained in the mainstem San Joaquin River 
(77.6%); however, approximately one quarter (22.4%) of them entered Turner Cut. Route-specific 
survival probability for tagged Steelhead using the Turner Cut route was 27.0%. The survival 
probability for tagged Steelhead using the Mainstem route was 56.7% (Delaney et al. 2014). Travel 
times for tagged Steelhead also differed between these two routes, with Steelhead using the mainstem 
route reaching Chipps Island significantly sooner than those that used the Turner Cut route. Travel 
time was not significantly affected by the limited Old and Middle Rivers (OMR) flow treatments 
examined in their study. While not significant, there was some evidence that fish movement toward 
each export facility could be influenced by relative flow entering the export facility (Delaney et al. 
2014). 

Water from the San Joaquin River mainly moves downstream through the Head of Old River and 
through the channels of Old and Middle Rivers and Grant Line and Fabian-Bell canals toward the 
south Delta intake facilities. Conversely, when water to the north of the diversion points for the two 
facilities moves southward (upstream), the net flow is negative (toward) the pumps. When the 
temporary barriers are installed from April through November, internal reverse circulation is created 
within the channels isolated by the barriers from other portions of the south Delta. These conditions 
are most pronounced during late spring through fall when San Joaquin River inflows are low and 
water diversion rates are typically high. Drier hydrologic years also reduce the frequency of net 
downstream flows in the south Delta and mainstem San Joaquin River.  

A portion of fish that enter the CVP Jones Pumping Plant approach channel and the SWP Clifton 
Court Forebay are salvaged at screening and fish salvage facilities, transported downstream by 
trucks, and released. NMFS (2009) estimates that the direct loss of fish from the screening and 
salvage process is in the range of 65 to 83.5% for fish from the point they enter Clifton Court 
Forebay or encounter the trash racks at the CVP facilities. Additionally, mark-recapture experiments 
indicate that most fish are probably subject to predation prior to reaching the fish salvage facilities 
(e.g., in Clifton Court Forebay) (Gingras 1997; Clark et al. 2009; Castillo et al. 2012). Aquatic 
organisms (e.g., phytoplankton and zooplankton) that serve as food for fish also are entrained and 
removed from the Delta (Jassby et al. 2002; Kimmerer et al. 2008; Brown et al. 1996). Fish 
entrainment and salvage are particular concerns during dry years when the distributions of young 
Striped Bass, Delta Smelt, Longfin Smelt, and other migratory fish species shift closer to the project 
facilities (Stevens et al. 1985; Sommer et al. 1997). 

Salvage estimates reflect the number of fish entrained by project exports, but these numbers alone do 
not account for other sources of mortality related to the export facilities. These numbers may not 
include prescreen losses that occur in the waterways leading to the diversion facilities, which may in 
some cases reduce the number of salvageable fish (Gingras 1997; Clark et al. 2009; Castillo et al. 
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2012). For Delta Smelt, prescreen losses appear to be where most mortality occurs (Castillo et al. 
2012). In addition, actual salvage numbers do not include the entrainment of fish larvae, which 
cannot be collected by the fish screens. The number of fish salvaged also does not include losses of 
fish that pass through the louvers intended to guide fish into the fish collection facilities or the losses 
during collection, handling, transport, and release back into the Delta.  

Two recent publications are available that provide an overview of general findings relevant to tidal 
Delta. Perry et al. (2018) utilized nearly 3,000 acoustically tagged fish released into the North Delta. 
Among other important findings, he reported survival in tidal reaches of the Delta were not related to 
river inflows (exports effects were not evaluated). Buchanan et al. (2018) reports on 6 years of 
studies including 8,000 acoustically tagged juvenile Chinook Salmon released into the San Joaquin 
River Delta. In all years, through-Delta survival was extremely low, ranging from 0 to 5%. Very high 
San Joaquin River inflows improved survival in riverine reaches, but survival in tidal areas of the 
Delta remained low despite ostensibly favorable tidally averaged flow conditions. In 2010 and 2011, 
relatively wet years when no Head of Old River Barrier was installed, acoustically tagged salmon 
having passed through the Old River and Granite Line Canal corridor and continuing to head north in 
the OMR corridor experienced extremely low survival despite positive tidally averaged flow 
conditions. Importantly, juvenile salmon entrained into the CVP export facilities during these studies 
experienced higher survival to Delta exit than fish migrating volitionally northward in the OMR 
corridor. In 2010 and 2011, an average of 64% of the tagged juvenile salmon surviving to exit the 
Delta were fish entrained, salvaged and trucked from the CVP export facilities. The remaining 34% 
that survived to Delta exit appear to have migrated volitionally through the San Joaquin River portion 
of the Delta (i.e., not through the OMR route). Were it not for the placement of the Head of Old 
River barrier in 2012 through 2016, more observations would be available to understand the 
apparently positive contribution of CVP export salvage to through-Delta survival.  

The SST (2017) reported juvenile Chinook Salmon survival relative to the 10-day average of total 
exports and San Joaquin River inflows. No negative association with exports was apparent, though 
relatively few observations were available at high export rates. A similar 6-year study utilizing 
Steelhead smolts (rather than juvenile Chinook Salmon) has been completed, but is not yet fully 
reported. Results available indicate higher survival rates for Steelhead smolts relative to juvenile 
Chinook Salmon, but a similar absence of negative response to exports.   

Analysis of 14 years of CWT Chinook Salmon releases (representing more than 28 million coded 
wire tagged juvenile salmon) in the Sacramento and San Joaquin Rivers were performed by Zeug and 
Cavallo (2014) to estimate proportional entrainment losses and to elucidate conditions that result in 
salvage of migrating fish. They compared the capability of an export to inflow ratio (E:I) relative to 
separate flow and export values to explain the data and found the ratio was not an effective predictor. 
Further, the authors reported weak and inconsistent effects of flow on salvage whereas export effects 
were relatively strong. Their findings suggest that flow and exports are not interchangeable 
components as is sometimes assumed. Zeug and Cavallo (2014) also found entrainment loss (salvage 
of fish expanded for subsampling and pre-screen mortality) was very low (mean 0.1% across all races 
and releases) and contributed little to through-Delta migration mortality.  

To evaluate the hypothesized effect of export operations pulling migrating juvenile salmon into the 
South Delta, Cavallo et al. (2015) analyzed 41 independent estimates of junction routing probabilities 
derived from several different juvenile salmon acoustic telemetry studies. The analysis found that 
routing at the Head of Old River junction was influenced by exports, but only with lowest levels of 
San Joaquin River inflow. South Delta exports exhibited no substantive influence on fish routing at 
any other analyzed junction in the Delta.  
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A study of salmonid behavior and Tracy Fish Collection Facility efficiency at the CVP was 
performed in 2013 using acoustic telemetry (Karp et al. 2017). Findings indicate salmon are more 
likely to enter the CVP export facility at high-pumping rates. Lower pumping rates resulted in 
salmon spending more time in areas where they are exposed to predators. This suggests that reducing 
pumping levels when fish are detected at the export facility may reduce salvage, but fish already near 
the facilities may be preyed upon rather than entering the facility and then being salvaged. The Karp 
et al. (2017) findings provide an explanatory mechanism for patterns revealed by CWT survival 
studies (Newman 2008) by more recent acoustic tagging studies Buchanan et al. (2018) where 
salvage at the CVP appears to provide higher probability of through-Delta survival than natural 
migration. 

The life stage of the fish at which entrainment occurs may be important for population dynamics 
(IRP 2011). For example, winter entrainment of Delta Smelt and Longfin Smelt may correspond to 
migration and spawning of adult fish, and spring and summer exports may overlap with development 
of larvae and juveniles. The loss of prespawning adults and all their potential progeny may have 
greater consequences than entrainment of the same number of larvae or juvenile fish. Entrainment 
risk for fish tends to increase with increased OMR reverse flows (Kimmerer 2008; Grimaldo 
et al. 2009). 

Research has shown that upriver movements of adult Delta Smelt are achieved through a form of 
tidal rectification or active tidal transport by using lateral movement to shallow edges of channels on 
ebb tides to maintain their position (Bennett and Burau 2015). Turbidity gradients could be involved 
in the lateral positioning of Delta Smelt within the channels, but large-scale turbidity pulses through 
the system may not be necessary to trigger upriver migrations of Delta Smelt if they are already 
occupying sufficiently turbid water (IRP 2011). The new understanding of potential tidal and 
turbidity effects on Delta Smelt behavior may have important implications for the Delta Smelt 
monitoring programs that are the basis for biological triggers for RPA Actions 1 and 2 by 
understanding the catch efficiency of mid-water trawl data in relation to the lateral positioning of 
Delta Smelt within channels.  

There are more than 2,200 diversions in the Delta (Herren and Kawasaki 2001). These irrigation 
diversion pipes are shore-based, typically small (30 to 60 cm pipe diameter), and operated via pumps 
or gravity flow, and most lack fish screens. These diversions increase total fish entrainment and 
losses and alter local fish movement patterns (Kimmerer and Nobriga 2008). Delta Smelt have been 
found in samples of Delta irrigation diversions, as well as larger wetland management diversions 
downstream. However, Nobriga et al. (2004) found that the low and inconsistent entrainment of 
Delta Smelt measured in the study reflected habitat use by Delta Smelt and relatively small 
hydrodynamic influence of the diversion.  

O.2.10.2.5 Disease 

Preliminary results of several histopathological studies have found evidence of significant disease in 
Delta fish species (Reclamation 2008a). For example, massive intestinal infections with an 
unidentified myxosporean were found in Yellowfin Goby collected from Suisun Marsh (Baxa et al. 
2013). Studies by Bennett (2005) and Bennett et al. (2008) show that exposure to toxic chemicals 
may cause liver abnormalities and cancerous cells in Delta Smelt, and stressful summer conditions, 
warm water, and lack of food may result in liver glycogen depletion and liver damage. Studies of 
Sacramento Splittail suggest that liver abnormalities in this species are more linked to health and 
nutritional status than to pollutant exposure (Greenfield et al. 2008).  
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Additionally, preliminary evidence suggests that contaminants and disease may impair Striped Bass. 
Studies by Lehman et al. (2010) suggest that the liver tissue and health of Striped Bass and 
Mississippi Silverside were adversely affected by tumors, particularly at sampling stations where 
concentrations of tumor-promoting microcystins were elevated. Exposure of Sacramento Splittail and 
Threadfin Shad to microcystins in experimental diets resulted in severe liver damage; shad also 
exhibited ovarian necrosis, indicating impairment of health and reproductive potential (Acuna et al. 
2012). 

In contrast, histopathological and viral evaluation of juvenile Longfin Smelt and Threadfin Shad 
collected in 2006 indicated no histological abnormalities and no evidence of viral infections or high 
parasite loads (Foott et al. 2006). Parasites were noted in Threadfin Shad gills at a high frequency, 
but the infections were not considered severe. Thus, both Longfin Smelt and Threadfin Shad were 
considered healthy in 2006 (a high-flow year). Adult Delta Smelt collected from the Delta during 
winter 2005 also were considered healthy, showing little histopathological evidence for starvation or 
disease (Reclamation 2008a). However, there was some evidence of low frequency endocrine 
disruption. In 2005, 9 of 144 (6%) adult Delta Smelt males were intersex, having immature oocytes 
in their testes (Reclamation 2008a).  

O.2.10.2.6 Nonnative Invasive Species 

Nonnative invasive species influence the Delta ecosystem by increasing competition and predation 
on native species, reducing habitat quality (as result of invasive aquatic macrophyte growth), and 
reducing food supplies by altering the aquatic food web. Not all nonnative species are considered 
invasive.3 Some introduced species have minimal ability to spread or increase in abundance. Others 
have commercial or recreational value (e.g., Striped Bass, American Shad, and Largemouth Bass). 

Many nonnative fishes have been introduced into the Delta for sport fishing (game fish such as 
Striped Bass, Largemouth Bass, Smallmouth Bass, Bluegill, and other sunfish), as forage for game 
fish (Threadfin Shad, Golden Shiner, and Fathead Minnow), for vector control (Inland Silverside, 
Western Mosquitofish), for human food use (Common Carp, Brown Bullhead, and White Catfish), 
and from accidental releases (Yellowfin Goby, Shimofuri Goby, and Shokihaze Goby) (Moyle 2002). 
Introduced fish may compete with native fish for resources and, in some cases, prey on native 
species. 

Because of invasive species and other environmental stressors, native fishes have declined in 
abundance throughout the region during the period of monitoring (Matern et al. 2002; Brown and 
Michniuk 2007; Sommer et al. 2007a; Mount et al. 2012). Habitat degradation, changes in hydrology 
and water quality, and stabilization of natural environmental variability are all factors that generally 
favor nonnative, invasive species (Mount et al. 2012; Moyle et al. 2012).  

O.2.10.2.7 Predation 

Predation is an important factor that influences the behavior, distribution, and abundance of prey 
species in aquatic communities to varying degrees. Predation can have differing effects on a 

 

3 DFG (2008) defines invasive species as “species that establish and reproduce rapidly outside of their native range 
and may threaten the diversity or abundance of native species through competition for resources, predation, 
parasitism, hybridization with native populations, introduction of pathogens, or physical or chemical alteration of the 
invaded habitat.” 
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population of fish depending on the size or age selectivity, mode of capture, mortality rates, and other 
factors. Predation is a part of every food web, and native Delta fishes were part of the historical Delta 
food web. Because of the magnitude of change in the Delta from historical times and the introduction 
of nonnative predators, it is logical to conclude that predation may have increased in importance as a 
mortality factor for Delta fishes, with some observers suggesting that it is likely the primary source 
of mortality for juvenile salmonids in the Delta (Vogel 2011). Predation occurs by fish, birds, and 
mammals, including sea lions. The alternatives considered in this EIS are not anticipated to modify 
predatory actions of birds and mammals on the focal species. Therefore, the predation discussion is 
focused on fish predators. 

A panel of experts convened to review data on predation in the Delta and draw preliminary 
conclusions on the effects of predation on salmonids. The panel acknowledged that the system 
supports large populations of fish predators that consume juvenile salmonids (Grossman et al. 2013). 
However, the panel concluded that because of extensive flow modification, altered habitat 
conditions, native and nonnative fish and avian predators, temperature and dissolved oxygen 
limitations, and the overall reduction in salmon population size, it was unclear what proportion of the 
juvenile salmonid mortality could be attributed to predation. The panel further indicated that 
predation, while the proximate cause of mortality, may be influenced by a combination of other 
stressors that make fish more vulnerable to predation.  

Striped Bass, White Catfish, Channel Catfish Largemouth Bass and other centrarchids, and 
Silversides are among the introduced, nonnative species that are notable predators of smaller-bodied 
fish species and juveniles of larger species in the Delta. Along with Largemouth Bass, Striped Bass, 
White Catfish, Channel Catfish are believed to be major predators on larger-bodied fish in the Delta. 
In open-water habitats, Striped Bass are most likely the primary predator of juvenile and adult Delta 
Smelt (DWR et al. 2013) and can be an important open-water predator on juvenile salmonids 
(Johnston and Kumagai 2012). Native Sacramento Pikeminnow may also prey on juvenile salmonids 
and other fishes. Limited sampling of smaller pikeminnows did not find evidence of salmonids in the 
foregut of Sacramento Pikeminnow (Nobriga and Feyrer 2007), but this does not mean that 
Sacramento Pikeminnow do not prey on salmonids in the Delta. 

Largemouth Bass abundance has increased in the Delta over the past few decades (Brown and 
Michniuk 2007). Although Largemouth Bass are not pelagic, their presence at the boundary between 
the littoral and pelagic zones makes it probable that they opportunistically consume pelagic fishes. 
The increase in salvage of Largemouth Bass occurred during the time period when Brazilian 
waterweed was expanding its range in the Delta (Brown and Michniuk 2007). The beds of Brazilian 
waterweed provide good habitat for Largemouth Bass and other species of centrarchids. Largemouth 
Bass have a much more limited distribution in the estuary than Striped Bass, but a higher per-capita 
impact on small fishes (Nobriga and Feyrer 2007). Increases in Largemouth Bass may have had a 
particularly important effect on Threadfin Shad and Striped Bass, whose earlier life stages occur in 
littoral habitat (Grimaldo et al. 2004; Nobriga and Feyrer 2007).  

Invasive Mississippi Silversides are another potentially important predator of larval and pelagic 
fishes in the Delta. This introduced species was not believed to be an important predator on Delta 
Smelt, but studies using DNA techniques detected the presence of Delta Smelt in the guts of 41% of 
Mississippi Silversides sampled in mid-channel trawls (Baerwald et al. 2012). This finding may 
suggest that predation impacts could be significant, given the increasing numbers of Mississippi 
Silversides in the Delta. 
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Predation of fish in the Delta is known to occur in specific areas, for example at channel junctions 
and areas that constrict flow or confuse migrating fish and provide cover for predatory fish (Vogel 
2011). Analyses have identified regions of mortality hot spots for juvenile salmon in the South and 
Central Delta (Grossman et al. 2013; Grossman 2016). Sabal (2014) found similar results at 
Woodbridge Dam on the Mokelumne River where the dam was associated with increased Striped 
Bass per capita salmon consumption and attracted larger numbers of Striped Bass, decreasing 
migrating juvenile salmon survival by 10 to 29%. CDFG (1992) identified subadult Striped Bass as 
the major predatory fish in Clifton Court Forebay. In 1993, for example, Striped Bass made up 96% 
of the predators removed (Vogel 2011). Cavallo et al. (2012) studied tagged salmon smolts to test the 
effects of predator removal on out-migrating juvenile Chinook Salmon in the south Delta. Their 
results suggested that predator abundance and migration rates strongly influenced survival of salmon 
smolts. Exposure time to predators has been found to be important for influencing survival of out-
migrating salmon in other studies in the Delta (Perry et al. 2012). 

O.2.10.2.8 Aquatic Macrophytes  

Aquatic macrophytes are an important component of the biotic community of Delta wetlands and can 
provide habitat for aquatic species, serve as food, produce detritus, and influence water quality 
through nutrient cycling and dissolved oxygen fluctuations. Whipple et al. (2012) described likely 
historical conditions in the Delta, which have been modified extensively, with major impacts on the 
aquatic macrophyte community composition and distribution. The primary change has been a shift 
from a high percentage of emergent aquatic macrophyte wetlands to open water and hardened 
channels. 

The introduction of two nonnative invasive aquatic plants, water hyacinth and Brazilian waterweed, 
has reduced habitat quantity and value for many native fishes. Water hyacinth forms floating mats 
that greatly reduce light penetration into the water column, which can significantly reduce primary 
productivity and available food for fish in the underlying water column. Brazilian waterweed grows 
along the margins of channels in dense stands that prohibit access by native juvenile fish to shallow 
water habitat. Additionally, the thick cover of these two invasive plants provides excellent habitat for 
nonnative ambush predators, such as bass, which prey on native fish species. Studies indicate low 
abundance of native fish, such as Delta Smelt, Chinook Salmon, and Sacramento Splittail, in areas of 
the Delta where submerged aquatic vegetation infestations are thick (Grimaldo et al. 2004, 2012; 
Nobriga et al. 2005).  

Invasive aquatic macrophytes are still equilibrating within the Delta and resulting habitat changes are 
ongoing, with negative impacts on habitats and food webs of native fish species (Toft et al. 2003; 
Grimaldo et al. 2009). Concerns about invasive aquatic macrophytes are centered on their ability to 
form large, dense growth that can clog waterways, block fish passage, increase water clarity, provide 
cover for predatory fish, and cause high biological oxygen demand.  

O.2.10.3 Yolo Bypass 

The Yolo Bypass conveys flood flows from the Sacramento Valley, including the Sacramento River, 
Feather River, American River, Sutter Bypass, and west side streams  

The Yolo Bypass provides habitat for a wide variety of fish and aquatic species, including temporary 
migration corridors and juvenile rearing habitat for anadromous salmonids and other native and 
anadromous fishes. Species captured as adults and subsequently collected as young-of-year suggest 
that the Yolo Bypass provides spawning habitat for these species, including Sacramento Splittail, 
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American Shad, Striped Bass, Threadfin Shad, Largemouth Bass and carp (Harrell and Sommer 
2003; Sommer et al. 2014). The Yolo Bypass lacks suitable gravel substrate that would support 
salmon spawning.  

O.2.10.3.1 Aquatic Habitat 

Aquatic habitats in the Yolo Basin include stream and slough channels for fish migration, and when 
flooded, seasonal spawning habitat and productive rearing habitat (Sommer et al. 2001a; CALFED 
Bay-Delta Program 2000a, 2000b). During years when the Yolo Bypass is flooded, it serves as an 
important migratory route for juvenile Chinook Salmon and other native migratory and anadromous 
fishes moving downstream. During these times, it provides juvenile anadromous salmonids an 
alternative migration corridor to the lower Sacramento River (Sommer et al. 2003) and, sometimes, 
better rearing conditions than the adjacent Sacramento River channel (Sommer et al. 2001a, 2005). 
When the floodplain is activated, juvenile salmon can rear for weeks to months in the Yolo Bypass 
floodplain before migrating to the estuary (Sommer et al. 2001a). Research on the Yolo Bypass has 
found that juvenile salmon grow substantially faster in the Yolo Bypass floodplain than in the 
adjacent Sacramento River, primarily because of greater availability of invertebrate prey in the 
floodplain (Sommer et al. 2001a, 2005). When not flooded, the lower Yolo Bypass provides tidal 
habitat for young fish that enter from the lower Sacramento River via Cache Slough Complex 
(McLain and Castillo; DWR, unpublished data).  

Sommer et al. (1997) demonstrated that the Yolo Bypass is one of the single most important habitats 
for Sacramento Splittail. Because the Yolo Bypass is dry during summer and fall, nonnative species 
(e.g., predatory fishes) generally are not present year-round except in perennial water sources 
(Sommer et al. 2003). In addition to providing important fish habitat, seasonal inundation of the Yolo 
Bypass supplies phytoplankton and detritus that may benefit aquatic organisms downstream in the 
brackish portion of the San Francisco Estuary (Sommer et al. 2004; Lehman et al. 2008a).  

O.2.10.3.2 Fish Passage 

The Fremont Weir is a major impediment to fish passage and a source of migratory delay and loss of 
adult Chinook Salmon, Steelhead, and Sturgeon (NMFS 2009; Sommer et al. 2014). A new fish 
passage facility has been installed in Fremont Weir to facilitate passage of adult salmonids and 
sturgeon and became operational in 2018. Ongoing evaluations are being performed to determine its 
effectiveness. Some adult Winter-Run, Spring-Run, and Fall-Run Chinook Salmon and White 
Sturgeon migrate into Yolo Bypass when there is no flow into the floodplain via the Fremont Weir. 
Therefore, these fish are often unable to reach upstream spawning habitat in the Sacramento River 
and its tributaries (Harrell and Sommer 2003; Sommer et al. 2014). Other structures in the Yolo 
Bypass, such as the Toe Drain, Lisbon Weir, and irrigation dams in the northern end of the Tule 
Canal, also may impede upstream passage of adult anadromous fish (NMFS 2009). 

Fish are also attracted into the bypass during periods when water is not flowing over the Fremont 
Weir. Fyke trap monitoring by DWR has shown that adult salmon and Steelhead migrate up the Toe 
Drain in autumn and winter regardless of whether the Fremont Weir spills (Harrell and Sommer 
2003; Sommer et al. 2014). The Toe Drain does not extend to the Fremont Weir because the channel 
is blocked by roads or other higher ground at several locations. Sturgeon and salmonids attracted by 
high flows into the basin become concentrated behind the Fremont Weir, where they are subject to 
heavy legal and illegal fishing pressure. 
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Trinity River (Table O.3-1); however, modeled maximum temperatures would exceed the 
temperature objectives in July, September, and October (Figure O.3-4 and Table O.3-2). Water 
temperature objectives for the Trinity River are similar to the USEPA5 (2003) recommendations for 
water temperature to support juvenile salmonid rearing (61°F) and salmonid spawning, egg 
incubation, and fry emergence (55°F). In the Trinity River juvenile salmonids are found in the river 
throughout the year while salmonid spawning generally lasts from September through April. 

 

Figure O.3-3. Average Trinity River Water Temperatures below Lewiston Dam for the Period 
October to September, Average of All Water Year Types 

 

Table O.3-1. Water Temperature Objectives for the First 40 Miles below Lewiston Dam  

Location Date 
Daily Average Temperature 
Not to Exceed 

Douglas City (RM 93.8) July 1 through September 14 60°F 

Douglas City (RM 93.8) September 15 through September 30 56°F 

North Fork Trinity River (RM 72.4) October 1 through December 31 56°F 
Source: NCRWQCB 2018: 3–13. 

 

 

monthly time step and does not provide daily water temperature predictions, maximum monthly water temperatures 
from HEC-5Q provide the closest available approximation to the values recommended by NCRWQCB (2018) and 
are therefore used herein to provide a coarse-level comparative analysis for each alternative. 

5 The USEPA (2003) recommends use of the maximum 7-day average of the daily maxima (7DADM) as the metric 
for comparison of water temperature conditions against protective criteria for salmonid uses. While the HEC-5Q 
output used in this assessment is based on a monthly time step and does not provide daily water temperature 
predictions, maximum monthly water temperatures from HEC-5Q provide the closest available approximation to the 
values recommended by USEPA (2003) and are therefore used herein to provide a coarse-level comparative analysis 
for each alternative. 


